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Description 

RELD OF TECHNOLOGY 

5 The present invention relates to a fluorescent substance excellent in light emission, a method of preparing the 

fluorescent substance, a fluorescent composition such as, for example, an inking medium for use in an ink jet printer, 
containing the fluorescent substance, a fluorescent mark carrier such as, for example, postal envelopes, postal cards 
or postal parcels having a fluorescent mark formed by printing the fluorescent composition, and an optical reader and 
an optical reading system both operable to optically read the fluorescent mark at a high speed. 

10 

BACKGROUND ART 
(Prior Art 1) 

75 In various fields of industries including the distribution industry, bar codes are widely utilized to control the physical 

distribution of commodites. The bar codes are also utilized having been printed on various cards such as. for example, 
pre-paid cards, commutation cards and data cards. These bar codes are read by an optical reader such as, for example, 
an optical scanner which subsequently processes information represented by the bar codes. Most bar codes carried by 
surfaces of commodities or cards are in the form of a pattern of stripes printed by the use of a black inking medium 

20 against a white background and visible to human eyes under visible rays of light. This visible mark is printed directly on 
merchandise or printed on a shaped sheet-like carrier which is in turn affixed to merchandise. 

On the other hand, attempts have been made to form a mark such as a bar code by the use of a fluorescent substance 
capable of emitting an infrared region of light so that the fluorescent mark can be identified by an optical reader. While 
the fluorescent mark is generally invisible to tiie human eyes, the fluorescent mark emits a fluorescent light when the 

25 fluorescent substance contained therein is excited upon in-adiation of an external light of a particular wavelength and. 
therefore, by analyzing the fluorescent light with an optical reader, information represented by the fluorescent mark can 
be decoded or identified. Even the fluorescent mark is, as is the case with the visible mark, printed directly on merchan- 
dise or printed on a shaped sheet-like carrier which is in turn affixed to merchandise. 

As compared with tiie system in which change in intensity of light reflected from the visible mark is read in handling 

30 merchandise, a system for handling merchandise, including an optical reader for reading the fluorescent mark, has 
numerous advantages, some of which are listed below. 

(1) Reading of the fluorescent mark is seldom affected adversely by the color of the merchandise and, therefore, 
the reliability in reading the fluorescent mark is high with the reading error minimized. 
35 (2) Even though tiie surface on which the fluorescent mark is formed becomes dirty, infrared rays of light emitted 
from tile fluorescent mark has such a long wavelength that the reading error would seldom occur and the reliability 
is therefore high. 

(3) Since the fluorescent substance is substantially colorless under visible rays of light, printing of the fluorescent 
mark on the merchandise will bring no adverse effect on the aesthetic appearance of the merchandise. 
40 (4) Since the fluorescent substance is so invisible under visible rays of light that no one can recognize the presence 
of the fluorescent substance, it can provide security of information. 

Particulars of interest in this connection are disclosed in, for example, the Japanese Patent Publications No. 55- 
33837. No. 60-29996 and No. 62-24024. 

45 

(Prior Art 2) 

The fluorescent mark discussed above is formed by printing a fluorescent inking medium containing a fluorescent 
substance on a carrier such as, for example, a surface of the merchandise in a predetermined pattern. An infrared 

so fluorescent inking medium has long been known and is disclosed in, for example, the United States Patent No. 4,202,491 . 
The infrared fluorescent inking medium disclosed therein is prepared from an inorganic fluorescent substance containing 
one or a mixture of neodymium (Nd). ytterbium (Yb) and erbium (Er). The inorganic fluorescent substance which utilizes 
Nd as an optically active element is known to emit a fluorescent light having a maximum intensity at about 1 ,050 nm in 
wavelength when irradiated with an exciting light of 800 nm emitted by a GaAlAs light emitting diode. The inorganic 

55 fluorescent substance containing a mixture of Nb and Yb as an optically active element is known to emit a fluorescent 
light having a maximum intensity at about 980 nm in wavelength when irradiated with an exciting light of 800 nm ennitted 
by a GaAIAs light emitting diode. Similarly, tfie inorganic fluorescent substance containing a mixture of Yb and Er as an 
optically active element is known to emit a fluorescent light having a maximum intensity at about 1 .050 nm in wavelength 
when irradiated with an exciting light of 940 nm emitted by a GaAs light emitting diode, and the inorganic fluorescent 
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substance containing a mixture of Nd. Yb and Er as an optically active element is known to emit a fluorescent light having 
a maximum intensity at about 1,050 nm in wavelength when irradiated with an exciting light of 800 nm emitted: by a 
GaAIAs light emitting diode. 

5 (Prior Art 3) 

The fluorescent substance disclosed in, for example, the Japanese Patent Publication No. 56-4598 makes use as 
the optically active element of Nd having a high absorption characteristic with respect to the infrared region of light, in 
combination with a fluorescent material capable of exhibiting a high intensity of light emission such as, for example, an 
10 alkaline metal salt (for example. Na2Mo04 or the like) which is material for the matrix having a high efficiency of trans- 
mission of exciting energies from the optically active element to the emission center, or Yb having an emission center 
capable of favorably matching in wavelength with a Si photodetector. 

(Prior Art 4) 

15 

For example, the Japanese Patent Publications No. 54-22326 and No. 61-1 8231 disclose a method of detecting the 
presence or absence of the fluorescent mark. In this known method, the fluorescent mark is prepared by the use of a 
fluorescent substance which emits a fluorescent light when irradiated with an exciting light within the infrared region of 
wavelength. This known method utilizes the difference between the center wavelength of the exciting light projected onto 

20 the fluorescent mark and that of the fluorescent light emitted from the fluorescent substance as a result of the irradiation 
of the exciting light and, for this purpose., only the fluorescent light is separated by an optical filter from rays of light 
reflected from the fluorescent mark so that the presence or absence of the fluorescent mark can be eventually detected. 

The applicant has suggested a method of and an apparatus for detecting the position of a fluorescent mark by 
intermittently irradiating the fluorescent marking with the exciting light and then detecting the presence or absence of 

25 afterglow emitted from the fluorescent marking during the intermission of irradiation of the exciting light. (See, for exam- 
ple, the Japanese Laid-open Patent Publication No. 5-20512.) 

(Prior Art 5) 

30 Fig. 70 illustrates the prior art optical reading apparatus. The fluorescent mark shown therein is in the form of a 
fluorescent bar code 401 comprised of a pattern of parallel bars formed by printing the fluorescent inking medium on a 
sheet-like carrier 404 such as, for example, a label. The fluorescent inking medium used to form the bar code 401 
contains fluorescent microparticles dispersed and retained in a binder, said fluorescent microparticles being of a kind 
which emit, when excited by an exciting light of a particular wavelength, for example, infrared rays of light 402, a fluo- 

35 rescent light 403 of a wavelength different from that of the infrared rays of light 402. 

An optical reading apparatus for reading information from the fluorescent bar code 401 includes a light emitter 405 
for emitting the infrared rays of light 402, a light receiver 407 for detecting the fluorescent light 403 from the bar code 
401 and rays of tight 406 reflected from the can-ier 404 and for converting them into an electric signal, an amplifier 408 
for amplifying the electric signal and for outputting an analog reproduction signal, and a signal detector 409 for detecting 

40 from the analog reproduction signal of the amplifier 408 information represented by the bar code 40 1 . The signal detector 
409 used therein includes an analog-to-digital (A/D) converter which is operable to digitize the analog reproduction signal 
so that the information represented by the fluorescent bar code 401 can be reproduced. 

For digitization of the analog reproduction signal, a comparator is generally utilized, having an input stage which is 
adapted to receive the analog reproduction signal A and a slice signal B of a predetermined level shown in Fig. 66 so 

45 that the analog reproduction signal A can be sliced by the slice signal B to provide a digitized signal. 

(Problem 1) 

In the various fluorescent substances and the various fluorescent marks formed by printing the fluorescent inking 
50 media containing the respective fluorescent substances, both having hitherto been suggested, neither the relationship 
between the particle size of the particular fluorescent substance and the wavelength of the exciting light used nor the 
relationship between the particle size of the particular fluorescent substance and the wavelength of the fluorescent light 
emitted by such particular fluorescent substance has been taken into consideration. The conventional fluorescent sub- 
stance has a particle size as relatively large as 5 to 6 ^m. On the other hand, for a light source for exciting the fluorescent 
55 substance, a semiconductor laser, for example, is generally utilized, capable of emitting a laser beam of about 0.8 jim 
in wavelength while the fluorescent light emitted from the conventional fluorescent sufcetance has a wavelength of about 
1 ^im. 

As discussed above, the conventional fluorescent particles have a relatively great particle size, i.e., a particle size 
as great as about 5 to 7.5 times the wavelength of any one of the exciting light and the fluorescent light. For this reason, 
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if the fluorescent mar is prepared by the use of the fluorescent inking medium containing the fluorescent particles of that 
partide size, the fluorescent particles are deposited in such an overlapping relation that the exciting light projected 
towards a deposit of the fluorescent inking medium will not reach some of the fluorescent particles at a deep region of 
the deposit of the fluorescent inking medium, and for this reason, the efficiency of activation (excitation) of the fluorescent 
5 substance is lowered. 

Even if some of the fluorescent particles at the deep region of the deposit of the fluorescent inking medium are 
excited to emit a fluorescent light, the fluorescent light so emitted tends to be partly intercepted by other fluorescent 
particles residing over such some of the fluorescent particles within the deposit of the inking medium, with the intensity 
of the fluorescent light consequently lowered. Consequently, the fluorescent light of such a low intensity often creates 
10 a problem associated with the reliability in detecting the presence or absence of the fluorescent mark. 

Thus, partly t^ecause the efficiency of activation (excitation) of the fluorescent substance is low and partly because 
part of the fluorescent light excited will not emerges outwardly from an exterior surface of the deposit of the fluorescent 
inking medium and. hence, the intensity of the fluorescent light is consequently low, the prior art fluorescent substance 
poses a problem associated with the reliability in detecting the presence or absence of the fluorescent mark. 

15 

(Problem 2) 

The fluorescent substance generally has such a property that when irradiated with the exciting light the fluorescent 
substance is activated to emit a fluorescent light in a progressively increasing quantity, but in the absence of the exciting 

20 light the quantity of the fluorescent light emitted decreases progressively. With the conventional fluorescent substance, 
the length of time, that is. the rise time, which passes from tiie start of irradiation of the exciting light upon the fluorescent 
substance and until the resultant fluorescent light attains a desired intensity is long. For this reason, a high velocity of 
movement of the fluorescent mark carrier relative to the optical reader cannot be employed, constituting an obstruction 
to the use of a high speed optical reader. If the relative velocity is increased, information represented by the fluorescent 

25 mark will no longer be read accurately and properly. 

Although tinis is related to the relatively long rise time of the fluorescent light refened to above, the conventional 
fluorescent substance has a length of time (that is. the fall time) which passes from the interruption of irradiation of the 
exdting light upon the fluorescent substance and until the intensity of tine fluorescent afterglow attains zero, that is. until 
the fluorescent light is no longer detected is long as well. For this reason, where tiie fluorescent mark consists of a 

30 plurality of parallel fluorescent bars, reduction in spacing between each neighboring fluorescent bars will render the light 
receiving element to detect a fluorescent afterglow emanating from the adjoining fluorescent bar, failing to provide an 
accurate information reading. 

(Problem 3) 

35 

Inorganic powdery fluorescent pigments such as Nd, Yb and Er discussed hereinbefore have a relatively large 
partide size. Although this particle size would pose no problem if the fluorescent particles are tramped down witii resin 
before use, the use of the fluorescent pigment of a relatively large particle size in an inking medium for use with an ink 
jet printer would, unless the particle size is reduced, result neither in a homogenous and beautiful print, nor In a high 
40 resolution during information reading. On tiie other hand, if tiie fluorescent particles are finely pulverized with the use 
of a mill, the fluorescent output would eventually decrease considerably. 

The inventors of the present invention have also found that, in addition to the above discussed problems, the inorganic 
fluorescent pigments bring about an additional problem in that tine response of the fluorescent substance to emit tiie 
fluorescent light subsequent to receipt of tiie exciting light is so low that a high speed reading is difficult to achieve. 

45 

(Problem 4) 

In tiie Japanese Patent Publication No. 56-4598 referred to above, tiiere is disdosed that the matrix material of the 
infrared-excitable fluorescent substance contains alkaline metal cations, Li*Na*, if an anion thereof is chosen MoOz^" 

50 or Wo42~. Since a salt of alkaline metal which is generally a monovalent metal has a relatively weak bond between tiie 
anion and tiie cation because of a small valence sufficient to be easily released to form a hydrate, the alkaline metal 
salt is water-soluble. Accordingly, the fluorescent substance prepared from the alkaline metal salt as a matrix material 
is extremely poor in water resistance to such an extent as to result in an obnoxious problem in practical use. 

The infrared-excitable fluorescent substance is prepared by weighing, mixing and pressure-forming only tiie starting 

55 materials (for example. Na2C03. M0O3. Nd203 and Yb203). incinerating tiie preformed mixture and subsequently 
mechanically pulverizing it to provide the powdery fluorescent substance. In such case, tiie resultant fluorescent particles 
have a minimum particle size as small as about 5 \im. Although ttiis particle size p^mits the fluorescent particles to t^e 
used as a material for a printing ink medium such as used in, for example, a screen printing technique, the fluorescent 
partides of ttiis partide size cannot be used as a material for an inking medium for use with an ink jet printer or for use 
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in an inked ribbon. This is because the inking medium for use in the practice of a printing technique requires the fluo- 
rescent substance of 1 or smaller in particle size, the fluorescent substance of about 5 ^im in particle size is not 
suited as a materia! for the Inking medium that is used with the ink jet printer or in the inked ribbon. 

The Japanese Laid-open Patent Publication No. 5-261 634 referred to above discloses that the fluorescent substance 
5 having its matrix material in the form of a salt of PO4 and activated by Nd and Yb can be used in an inking medium for 
use in an offset printing technique provided that such fluorescent substance is pulverized to a particle size within the 
range of 0.1 to3nm. 

However, the infrared-excitable fluorescent substance of this system has been found that both of the rise time, 
required for it to emit a fluorescent light of the maximum intensity subsequent to irradiation of infrared rays of light, and 

10 the fall time required for the intensity of the fluorescent light to attain zero subsequent to interruption of the infrared 
irradiation are extremely long, and therefore, it cannot satisfactorily be used where the exciting light is in the form of a 
pulsating light of short duration and/or where a high speed reading with, for example, a high speed scanner is desired. 

The inventors of the present invention, in an attempt to develop an infrared-excitable fluorescent substance having 
a high response, have examined the use of Na2Mo04 as a matrix of the infrared-excitable fluorescent substance, but 

75 have found that, because Na2Mo04 is water-soluble, the fluorescent substance having its matrix added with optically 
active elements has exhibited a poor water resistance. Also, the fluorescent substance obtained had a particle size 
greater than a few microns and have therefore been found not suited for use as a material for the ink jet printer or the 
inked ribbon or in a printing technique such as an offset printing process. 

20 (Problenri 5) 

Hitherto, in preparing a fluorescent composition such as, for example, the inking medium for use with an ink jet 
printer and containing fluorescent particles, none of the particle size of the fluorescent substance used, the density of 
the fluorescent substance and/or the density of a binder used, and the relationship among viscosity surface tension. 
25 specific resistance and pH value has not taken into consideration. For this reason, the fluorescent particles contained 
in the fluorescent composition have such problems that the fluorescent particles are apt to sediment in the fluorescent 
composition, exhibiting an unsatisfactory dispersion stability, that the fluorescent composition tends to run during the 
printing and/or that the fluorescent output is low. 

30 (Problem 6) 

In the prior art fluorescent inking medium containing the fluorescent particles, the fluorescent substance is employed 
in a quantity generally within the range of 30 to 85 wt% relative to the total weight of the inking medium and is in the 
form of an inorganic compound having a relatively large particle size as discussed hereinabove. The use of thefluores- 
35 cent substance in such a large quantity brings about such a problem that a fluorescent ink deposit formed by printing 
the fluorescent inking medium is so raised as to provide a visible indication of the presence of the ink deposit. This is 
problematic in terms of security particularly when a fluorescent mark is desired to be formed by depositing the inking 
medium at a location where the ink deposit will not constitute any obstruction to the eyes. 

40 (Problem 7) 

With respect to the fluorescent ink deposit formed by the use of the conventional fluorescent Inking medium con- 
taining the fluorescent particles, no surface roughness of the ink deposit has been studied. Since the fluorescent sub- 
stance of the relatively large particle size as discussed above has been employed, the surface of the ink deposit is 

45 relatively rough, having minute surface irregularities. Irradiation of the exciting light upon the rough-surfaced ink deposit 
tends to result in scattering of the exciting light upon the surface of the ink deposit, accompanying reduction in quantity 
of the exciting light penetrating into the fluorescent ink deposit. Also, with the rough-surfaced ink deposit, the fluorescent 
light emitted internally from the fluorescent Ink deposit is apt to scatter in all directions at the surface of the ink deposit 
and, therefore, the quantity of the fluorescent light received by a light receiving element may be reduced correspondingly. 

50 Once the above discussed phenomenon occurs, an output generated from the light receiving element in response 
to detection of the fluorescent light emitted from the fluorescent ink deposit is so low as to bring about a problem asso- 
ciated with the reliability in detecting the presence or absence of the fluorescent mark. 

(Problem 8) 

55 

An optical reading apparatus used in connection with the fluorescent mark is known and includes a semitransparent 
mirror disposed generally intermediate between the fluorescent mark to be detected and a photoelectric detector assem- 
bly inclusive of light emitting and receiving elements. The known optical reading apparatus is so structured that the 
exciting light emitted from the light emitting element may be projected through the semitransparent mirror onto the flu- 
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orescent mark carrier so that the fluorescent light emitted from the fluorescent mark on the canrier can pass through the 
same semitransparent min-or before it is detected by the light receiving element. With this structure, it has been observed 
that as the exciting light travels through the semitransparent mirror, generally half of the exciting light may be reflected 
in directions other than tiie direction towards the fluorescent mark carrier and/or that as the fluorescent light emitted 

5 from the fluorescent mark on the carrier travels through the semitransparent mirror, generally haff o the fluorescent light 
may be reflected in directions other than the direction towards the light receiving element. For this reason, the quantity 
of the exciting light necessary to activate the fluorescent substance is in practice small and, hence, the quantity of the 
fluorescent light emitted is correspondingly small and. yet. the light receiving element receives the fluorescent light in a 
quantity generally half of the actually emitted fluorescent light. Therefore, the light receiving element issues a consider- 

10 ably low output, so low as to bring about a problem associated with the rdiability in detecting the fluorescent mark. 

(Problem 9) 

In the prior art optical reading apparatus, the exciting light emitted from the light emitting element forms a round 
15 irradiating pattern of a size suffident to encompass the size of the bar code forming the fluorescent mark. Irradiation of 
the round light spot upon the fluorescent mark does not affords a sufficient area of surface to be illuminated and the 
intensity of the fluorescent light emitted from the fluorescent mark is consequently low. if an attempt is made to increase 
the size of the round light spot to thereby increase the area of surface to be illuminated, the exciting light will encompass 
not only the bar code of interest, but also the bar code adjoining such bar code of interest. This in turn brings about 
20 reduction in S/N (signal-to-noise) ratio, accompanying a problem associated with the reliability in detecting the fluorescent 
mark. 

(Pr bi m10) 

25 In designing the prior art optical readng apparatus, neither the rise time of the fluorescent light subsequent to 

irradiation of the exciting light, nor the relationship between the width of a slit extending in a direction of transport of the 
fluorescent mark carrier and the speed of transport of the fluorescent mark carrier is taken into consideration. 

Also, neither the fall time of the fluorescent light subsequent to interruption of the exciting light, nor the relationship 
between the interval between the neighboring bars of the fluorescent mark (i.e.. the fluorescent bar code) and the speed 
30 of transport of the fluorescent mark carrier is taken into consideration. 

Because of the foregoing, no information represented by the fluorescent ink deposit on the fluorescent mark carrier 
can be read. 

(Problem 11) 

35 

In the prior art optical reading apparatus, a slit member is interposed between the sheet-like fluorescent mark carrier 
such as, for example, a paper, and an object lens assembly so that only that portion of the fluorescent light emitted from 
the fluorescent mark which is desired to be detected is received by the tight receiving element through the slit in the slit 
member. Although this will bring about no problem if the fluorescent mark carrier has a substantially uniform thickness, 
40 there is a problem in that, if the fluorescent mark carrier having a relatively great but irregular thickness is transported, 
the fluorescent mark carrier being transported may be blocked with its front engaged with the slit and/or the slit will be 
damaged. 

(Problem 12) 

45 

The prior art method of detecting the mark such as disclosed in the Japanese Patent Publications No. 54-22326 
and No. 61-18231 and the Japanese Laid-open Patent Publications No. 3-16369 and No. 5-20512 all refen-edto above, 
is such that the fluorescent light emitted from the fluorescent mark as a result of excitation by the exciting ligtit is detected 
by a detector. However, the quantity of the fluorescent light incident on the detector considerably varied with change in 

50 environments and conditions in and under which the detection is performed and. therefore, in order to secure a high 
accuracy of detection, a complicated circuit processing is required, or the condition of use is limited. 

As a result of studies conducted by the inventors of the present invention in view of the foregoing problems, it has 
been found that any one of the prior art detecting method is unable to properly and accurately monitor the change in 
detecting condition because of an insufficient quantity of information available other than data associated with the fluo- 

55 rescent mark 
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(Problem 13) 

In another prior art method in which an optical filter used to separate the exciting light, which has been reflected, 
and the fluorescent light from each other, since the wavelength of the emission center of the reflected exciting light and 
5 that of the fluorescent light are close to each other and the intensity of the fluorescent light Is extremely low as compared 
with that of the reflected exciting light, the both cannot be properly separated from each other with no difficulty and, in 
a certain case, most of the reflected exciting light may remain unseparated and enter the light receiving element together 
with the fluorescent light. Once this occurs, the accuracy of detection is lowered. 

10 (Problem 14) 

According to the fluorescent mark detecting method disclosed in, for example, the Japanese Laid-open Patent Pub- 
lications No. 3-16369 and No. 5-2051 2 referred to above, if external rays of light of a wavelength matching with or in the 
vicinity of the wavelength of the fluorescent light exist in the environment in which the fluorescent light is being detected. 
15 such rays of light may be sensed by and converted into an electric output by the light receiving element. This leads to 
generation of false information that, even though no fluorescent light has yet been emitted, the fluorescent light was 
detected. In order to avoid such false information, both of the site of emission of the exciting light and the site of detection 
of the fluorescent light are required to be shielded from the external light, thus limiting the environment in which the 
system is used. 

20 

(Problem 15) 

In the optical reading apparatus of a structure shown in Fig. 71 , both of the level and the amplitude of the analog 
reproduction signal discussed hereinbefore are considerably affected by physical surface properties of the carrier on 
25 which the bar code is formed in the form of the fluorescent mark. More specifically, where the surface of the carrier is 
made of material having a propensity of absorbing a transparent inking medium and also the exciting light projected 
from an illuminator unit, the quantity of the fluorescent light emitted from the fluorescent bar code and the quantity of 
light reflected from the carrier are so small that, as shown in Fig. 71(b). the analog reproduction signal exhibits a low 
level and a low amplitude. 

30 Also, where the carrier is made of material having a propensity of absorbing the transparent inking medium and 
also that of reflecting the light projected by the illuminator unit, the analog reproduction signal is apt to offset towards a 
high level as shown in Fig. 71(c). Moreover, where the carrier is made of material having a propensity of absorbing little 
transparent inking medium, but absorbing the light projected by the illuminator unit, the analog reproduction signal exhib- 
its an increased amplitude as shown in Fig. 71 (a). 

35 Accordingly, with the prior art reading apparatus in which variation in waveform of the analog reproduction signal 
resulting from difference in type of the carriers on which the fluorescent bar codes are formed is taken into consideration, 
when the single reading apparatus is used to read one at a time the fluorescent bar codes formed on, for example, the 
respective carriers made of different materials, or when the reading apparatus is used to read one at a time the fluorescent 
bar codes formed on different portions of the single carrier which are made of varying materials, a problem is apt to 

40 occur in that the bar codes will not be accurately read. This problem may be avoided if an optical filter (a single wavelength 
filter) operable to cut off the entire light reflected from the carrier is disposed in front of the light receiving element. 
However, the single wavelength filter is expensive and cannot, in terms of cost, be installed in the optical reading appa- 
ratus and. instead, the above discussed problem does often occur since a band-pass filter operable to cut off a portion 
of the reflected light is generally employed. 

45 Accordingly, a primary object of the present invention is to provide a highly reliable fluorescent substance having a 
high emissive output, a fluorescent composition, a fluorescent mark carrier, an optical reading apparatus, a merchandise 
sorting apparatus and a merchandise sorting system all of which are effective to substantially eliminate the above dis- 
cussed problems inherent in the prior art. 

Another important object of the present invention is to provide the fluorescent substance and the fluorescent com- 

£0 position which are effective to substantially eliminate the above discussed problems inherent in the prior art, excellent 
in durability, fine in particle size suitable for use in various printing techniques such as those employing an ink jet printer 
or an inked ribbon, and capable of exhibiting a high response. 

A further important object of the present invention is to provide an optically detectable mark effective to substantially 
eliminate the above discussed problems inherent in the prior art and with which change in environmental conditions in 

55 which data are being detected can be readily and properly determined. 

A still further important object of the present invention is to provide a detecting method and an optical reading 
apparatus effective to substantially eliminate the above discussed problems inherent in the prior art and capable of 
accomplishing accurate detection of the position at which the mark is formed, regardless of deterioration in condition in 
which the fluorescent light emitted from the mark is detected. 
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A yet further important object of the present invention is to provide the optical reading apparatus effective to sub- 
stantially eliminate the above discussed problems inherent in the prior art and capable of acconrtplishing assured detec- 
tion of the fluorescent nnark without being adversely affected by environments in which it is used. 

A different important object of the present invention is to provide the reading apparatus effective to substantially 
5 eliminate the above discussed problems inherent in the prior art and capable of accurately reading the fluorescent light 
at all times with no need to use the expensive single wavelength filter and regardless of the waveform of the analog 
reproduction signal. 



DISCLOSURE OF THE INVENTION 

10 

The first invention is directed to the fluorescent substance of a kind capable of emitting, in response to irradiation 
of the exciting light, a fluorescent light of a wavelength different from that of the exciting light and is characterized in that, 
in order to accomplish the foregoing objects, the average particle size of the fluorescent substance being of super micro- 
partides is smaller than the maximum intensity of the fluorescent light emitted by such fluorescent substance. 
15 The second invention is directed to the fluorescent substance of a kind capable of emitting, in response to irradiation 

of the exciting light, a fluorescent light of a wavelength cfifferent from that of the exdting light and is characterized in that, 
in order to accomplish the foregoing objects, the average particle size of the fluorescent substance being of ultra-micro- 
partides is smaller than the maximum intensity of the exdting light. 

The fluorescent substance according to the third invention is characterized in that, in order to accomplish the fore- 
go going objects, it comprises a salt of oxyadd containing at least one optical active element selected from the group 
consisting of Nd, Yb and Er, said salt of oxyacid being expressed by, for example, the following general formula ( 1 ) or (2) : 



l-nxAi-xP04 (1) 

25 wherein: 

Ln represents at least one element selected from the group consisting of Nd. Yb and Er; 

A represents at least one element selected from the group consisting of Y. La. Gd, Bi. Ce, Lu. In and Tb; and 

X represents a value within the range of 0.01 to 0.99. 



30 DEi,xLnxPvOz (2) 

wherein: 

D represents at least one element selected from the group consisting of Li, Na. K, Rb and Cs; 
E represents at least one element selected from the group consisting of Y. La. Gd, Bi. Ce, Lu, In and Tb; 
35 Ln represents at least one element selected from the group consisting of Nd, Yb and Er; 

X represents a value within the range of 0.01 to 0.99; 
Y represents a value within the range of 1 to 5; and 
Z represents a value within the range of 4 to 14. 
The fluorescent substance according to the fourth invention is characterized in that, in order to accomplish the 
40 foregoing objects, it comprises Fe and Er, both as an optical active element, and, other than these optical active elements, 
at least one element selected from the group consisting of Sc. Ga. Al, In, Y, Bi, Ce, Gd, Lu and La and is expressed by 
one of the following general formulas (3), (4) and (5): 



G3J5O12 (3) 

45 

GJO3 (4) 
G2J4O12 (5) 

50 wh rein: 

G represents at least one element selected from the group consisting of Y, Bi, Ce. Gd. Lu and La. and Er; and 
J represents at least one element selected from the group consisting of Sc, Ga. Al and In, and Fe. 
The fluorescent substance according to the fifth invention is characterized in that, in order to accomplish the foregoing 
objects, it comprises Yb as an optical active element and, other than that optical active element, at least one element 
55 selected from the group consisting of Sc. Ga. Al, In. Y, Bi, Ce, Gd, Lu and La and is expressed by one of tine following 
general formulas (6), (7) and (8): 

l^M50i2 (6) 
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LMO3 (7) 
EL2M4O12 (8) 

5 wherein; 

L represents at least one element select«J from the group consisting of Y Bi. Ce, Gd. Lu and La, and Yb; and 
M represents at least one element selected from the group consisting of Sc, Ga. Al and In. 
The fluorescent substance according to the sixth invention is characterized in that, in order to accomplish the fore- 
going objects, it comprises at least one organic substance containing rare earth element, said organic substance being 
10 selected from the group consisting of Nb, Yb and Er and carried with an organic substance such as, for example, polyme- 
thine, anthraquinone, dithiol metal, phthalocyanine. indophenol or azo dyestuff of a kind having an absorption band 
within the infrared region of rays of light. 

The seventh invention is characterized in that, in order to accomplish the foregoing objects, it contains at least one 
of Nb and Yb as an optical active element and, other than this optical active element, at least one oxide of Mo or W and 
15 an alkaline earth metal and is expressed by one of the following general formulas (9) and (10): 

{Ndi.xYbx)YQz(R04) (9) 

wherein: 

20 Q represents at least one element selected from the group consisting of Ca, Mg, Sr and Ba; 

R represents at least one element ^elected from the group Mo and W; 
X represents a value within the range of 0 to 1 ; 

Y represents a value greater than 0, but smaller than 1 ; and 
Z represents a value greater than 0, but smaller than 1 . 

25 

(Ndi.xYbx)2YQ8.3Y(R04)8 (10) 

wherein: 

Q represents at least one element selected from the group consisting of Ca, Mg. Sr and Ba; 
30 R represents at least one element selected from the group Mo and W; 

X represents a value within the range of 0 to 1 ; and 

Y represents a value greater than 0, but equal to or smaller than 8/3. 

A method of preparing the fluorescent substance according to the eighth invention is characterized in that, in order 
to accomplish the foregoing objects, at least one optical active element selected from the group consisting of Nd and 

35 Yb. at least one oxide of one of Mo and W and an alkaline earth metal are added to a flux material containing a salt 
expressed by T2R04-nH20 (wherein T is at least one element selected from the group consisting of U. Na and K. R is 
at least one element selected from the group consisting of Mo and W, and n is a value greater than 0) which is subse- 
quently calcinated, followed by dissolution of the incinerated product with the use of a solvent to remove the flux material. 
The fluorescent composition according to the ninth invention is characterized in that, in order to accomplish the 

40 foregoing objects, it comprises a fluorescent substance in the form of ultra-microparticles capable of emitting a fluores- 
cent light of a wavelength different from that of the exciting light and having an average particle size smaller than the 
wavelength of the maximum intensity of the fluorescent light, a binder transparent to both of the exciting light and the 
fluorescent light, and a solvent. 

The fluorescent composition according to the tenth invention is characterized in that, in order to accomplish the 

45 foregoing objects, it comprises a fluorescent substance in the form of ultra-microparticles capable of emitting a fluores- 
cent light of a wavelength different from that of the exciting light and having an average particle size smaller than the 
wavelength of the maximum intensity of the exciting light, a binder transparent to both of the exciting light and the fluo- 
rescent light, and a solvent. 

The fluorescent composition according to the eleventh invention is characterized in that, in order to accomplish the 
50 foregoing objects, it comprises a fluorescent substance containing at least one organic substance which contains a rare 
earth element and which is selected from the group consisting of Nb. Yb and Er carried with an organic substance having 
an absorption band within the infrared region of light, and an organic binder. 

The fluorescent composition according to the twelfth irrverrtion is characterized in that, in order to accomplish the 
foregoing objects, it comprises a fluorescent substance containing at least one of Nb and Yb as an optical active element 
55 and. other than this optical active element, at least one oxide of one of Mo and W and an alkaline earth metal, and an 
organic binder. 

The inked ribbon according to the thirteenth invention is characterized in that, in order to accomplish the foregoing 
object, it comprises a tape-like carrier deposited with the fluorescent conrtposition comprising a fluorescent substance 
containing at least one of Nb and Yb as an optical active element and, other than this optical active element, at least 
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one oxide of one of Mo and W and an alkaline earth metal, which fluorescent substance is dispersed and retained in an 
organic binder. 

The fluorescent mark carrier according to the fourteenth invention is characterized in that, in order to accomplish 
the foregoing objects, the fluorescent mark containing the fluorescent substance in the form of ultra-micropartides capa- 
5 ble of emitting a fluorescent light of a wavelength different from that of the exciting light and having an average particle 
size smaller than the wavelength of the maximum intensity of the fluorescent light is prirrted thereon. 

The fluorescent mark carrier according to the fifteenth invention is characterized in that, in order to accomplish the 
foregoing objects, the fluorescent mark containing the fluorescent substance in the form of uttra-microparticles capable 
of emitting a fluorescent light of a wavelength different from that of the exciting light and having an average particle size 
10 smaller than the wavelength of the maximum intensity of the exciting light is printed thereon. 

In order to accomplish the foregoing objects, the sixteenth invention is characterized by a fluorescent mark carrier 
printed with a fluorescent mark containing fluorescent particles capable of emitting a fluorescent light of a wavelength 
different from that of the exciting light, the content of said fluorescent particles in the fluorescent mark being greater than 
1 wt%, but smaller than 30 wt%. 
15 In order to accomplish the foregoing objects, the seventeenth invention is characterized by the fluorescent mark 

carrier printed with a fluorescent mark containing fluorescent particles capable of emitting a fluorescent light of a wave- 
length different from that of the exciting light, a deposit of tine fluorescent inking medium having a thickness not greater 
than 35 times the particle size of the fluorescent particles. 

In order to accomplish tiie foregoing objects, the eighteenth invention is characterized by the fluorescent mark carrier 
20 printed with a fluorescent mark containing fluorescent particles capable of emitting a fluorescent light of a wavelength 
different from that of the exciting light and a binder, said binder having a light transmissivity with respect to each of the 
exciting and fluorescent light being not lower tiian 80%. 

In order to accomplish the foregoing objects, the fluorescent mark carrier according to the nineteenth invention is 
characterized in that the fluorescent particles capable of emitting a fluorescent light of a wavelength different from that 
25 of the exciting light are deposited on an aggregation of fibers. 

In order to accomplish the foregoing c±>jects, the fluorescent mark carrier according to the twentieth invention is 
characterized in that a fluorescent ink deposit containing the fluorescent substance capable of emitting a fluorescent 
light of a wavelength different from that of tiie exciting light has a 20% or lower visible ray absorption characteristic. 
In order to accomplish the foregoing objects, the twenty-first invention is directed to an optical reading apparatus 
30 comprising a light emitting element for irradiating with the exciting light a fluorescent mark carrier carrying a fluorescent 
mark containing the fluorescent substance, a mirror for reflecting light from the fluorescent substance and a light receiving 
element for receiving the light reflected by the min-or. which apparatus is characterized in that the miiror has a portion 
thereof provided with a light transmitting region such as, for example, a perforation, for allowing a substantially entire 
quantity of the exciting light from the light emitting element to pass therethrough and is in tiie form of a total reflecting 
35 mirror such as. for example, a front surfaced mirror, having a reflectivity of higher than 50%. 

In order to accomplish the foregoing objects, the twenty-second invention is directed to an optical reading apparatus 
comprising a light emitting element for irradiating with the exciting light a fluorescent mark carrier carrying a bar code 
containing tine fluorescent substance, and a tight receiving element for receiving light from the fluorescent substance, 
which apparatus is characterized in that the exciting light is projected in an in-adiating pattern of a generally elliptical 
40 shape having its major axis extending in a direction lengthwise of the bar code. 

In order to accomplish tine foregoing objects, the twenty-third invention is directed to an optical reading apparatus 
comprising a light emitting element for in-adiating with the exciting light a fluorescent mark carrier printed witii the fluo- 
rescent substance, a light receiving element for receiving a fluorescent light from the fluorescent mark carrier, a slit 
member disposed on an optical path between tiie light emitting element and the light receiving element, and a transport 
45 means for transporting the fluorescent mark carrier in a predetermined direction, which apparatus is characterized in 
that the transport means transports the fluorescent mark carrier at a velocity v which has the following relationship: 

d/v s tu 

50 wherein d represents the lengtin of an opening in the slit member as measured in a direction conforming to the direction 
of h-ansport of the fluorescent mark carrier, v r^resents the velocity of transport of tine fluorescent mark carrier and tu 
represents the length of time from the timing at which the fluorescent substance receives the exciting light to the timing 
at which the intensity of the light emitted by the fluorescent substance attains 90% of the maximum possible intensity 
thereol 

55 In order to accomplish the foregoing objects, the twenty-fourth invention is directed to an optical reading apparatus 
comprising a light emitting element for irradiating with the exciting light a fluorescent mark carrier printed witin the fluo- 
rescent sutistance. a light receiving element for receiving a fluorescent light from the fluorescent mark carrier and a 
transport means for transporting the fluorescent mark carrier in a predetermined direction, which apparatus is charac- 
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terized in that the transport means transports the fluorescent mark carrier at a velocity v which has the following rela- 
tionship: 

LTv g td 

wherein L represents the interval between neighboring portions printed with the fluorescent substance with respect to 
the direction of transport, v represents the velocity of transport of the fluorescent mark carrier, and td represents the 
length of time from the timing at which irradiation of the exciting light is interrupted to the timing at which the fluorescent 
afterglow attenuates by a quantity corresponding to 80% of the maximum possible intensity thereof. 

10 In order to accomplish the foregoing objects, the twerrty-fifth invention provides an optical reading apparatus com- 
prising a light emitting element for irradiating with the exciting light a fluorescent mark carrier carrying the fluorescent 
substance, a light receiving element for receiving a fluorescent light from the fluorescent mark carrier, a transport means 
for transporting the fluorescent mark carrier in a predetermined direction, a first convex lens disposed on an optical path 
from the fluorescent mark carrier to the light receiving element and having a flat surface oriented towards the fluorescent 

75 mark carrier, a second convex lens disposed on an optical path from the fluorescent mark carrier to the light receiving 
element and having a flat surface oriented towards the light receiving element, and a slit member disposed between the 
second convex lens and the light receiving element. 

In order to accomplish the foregoing objects, the twenty-sixth invention is directed to an optical reading apparatus 
comprising a light emitting element for irradiating with the exciting light a fluorescent mark carrier printed with the f luo- 

20 rescent substance, and a light receiving element for receiving a fluorescent light from the fluorescent mark carrier, char- 
acterized in that the light emitting element Js a semiconductor laser diode, a drive circuit for driving the semiconductor 
laser diode having an automatic power control function, and there is provided a hold circuit for monitoring the exciting 
light emitted from the semiconductor laser diode and holding an output condition of the exciting light such that based 
on a signal from the hold circuit an output condition of the exciting light from the semiconductor laser diode is controlled 

25 by the drive circuit. 

in order to accomplish the foregoing objects, a merchandise sorting apparatus according to the twenty-seventh 
invention is characterized in that the merchandise-sorting apparatus comprises a light emitting element for irradiating 
with the exciting light a fluorescent mark carrier printed with the fluorescent substance, a light emitting element for 
receiving a fluorescent light from the fluorescent mark carrier, a slit member disposed on an optical path between the 

30 light emitting element and the light receiving element, a transport means for transporting the fluorescent mark carrier in 
a predetermined direction, and a sorting means for sorting the fluorescent mark carrier, in that the length d of an opening 
in the slit member as measured in a direction conforming to the direction of transport of the fluorescent mark carrier, 
the velocity v of transport of the fluorescent mark carrier by the transport means, and the length of time tu from the timing 
at which the fluorescent substance receives the exciting light to the timing at which the intensity of the light emitted by 

35 the fluorescent substance attains 90% of the maximum possible intensity thereof have a relationship of (d/v ^ tu), and 
in that information represented by a fluorescent ink deposit provided on the fluorescent mark carrier is read by the 
exciting light and the fluorescent light passing through a slit formed in the slit member, said fluorescent mark carrier 
being sorted according to such information. 

In order to accomplish the foregoing objects, a merchandise sorting apparatus according to the twenty-eighth inven- 

40 tion is characterized in that the merchandise sorting apparatus comprises a light emitting element for irradiating with the 
exciting light a fluorescent mark carrier printed with the fluorescent substance, a light emitting element for receiving a 
fluorescent light from the fluorescent mark carrier, a slit member disposed on an optical path between the light emitting 
element and the light receiving element, a transport means for transporting the fluorescent mark carrier in a predeter- 
mined direction, and a sorting means for sorting the fluorescent mark carrier, in that the interval between neighboring 

45 portions printed with the fluorescent substance with respect to the direction of transport the velocity v of transport of 
the fluorescent mark carrier, and the length of time td from the timing at which irradiation of the exciting light is interrupted 
to the timing at which the fluorescent afterglow attenuates by a quantity corresponding to 80% of the maximum possible 
intensity thereof have a relationship of (Uv s td) , and in that information represented by a fluorescent ink deposit provided 
on the fluorescent mark carrier being transported is optically read and the fluorescent mark carrier is sorted according 

50 to such information. 

In order to accomplish the foregoing objects, the twenty-ninth invention provides a merchandise sorting apparatus 
characterized by the provision of an visible image optical reading means for optically reading destination information 
described on a surface of a merchandise to be sorted, a fluorescent substance printing means for printing the destination 
information on the merchandise with the use of a fluorescent substance according to the destination information read 
55 by the visible image optical reading means, a fluorescent mark optical reading means for optically reading information 
represented by a fluorescent ink deposit formed by the fluorescent substance printing means, and a sorting means for 
sorting the merchandise according to the destination information read by the fluorescent mark optical reading means. 

In order to accomplish the foregoing objects, the thirtieth invention provides a merchandise sorting method charac- 
terized by the steps of optically reading destination information described on a surface of a merchandise with the use 
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of a visible image optical reading means, printing destination information on the merchandise with the use of a fluorescent 
substance according to the destination information read by the visible image optical reading means, optically reading 
information represented by a fluorescent ink deposit with the use of a fluorescent mark optical reading means, and 
sorting the merchandise according to the destination information read by the fluorescent mark optical reading means, 

5 in order to accomplish the foregoing objects, the thirty-first invention provides a mark to be detected containing a 

fluorescent substance capable of emitting light of a wavelength different from tiiat of an exciting light, which mark is 
characterized by the provision of a data area formed with a pattern con-esponding to data to be recorded, and a lead- 
in area formed at a site that is scanned prior to irradiation with tiie exciting light upon the data area, said lead-in area 
continuing a sufficient length greater than the longest continuous portion of the pattern formed at the data area. 
10 In order to accomplish the foregoing objects, the thirty-second invention provides a method for detecting the mark 
of the thirty-first invention, characterized in that the method comprises a light irradiating step of projecting light of a 
substantially constant intensity, an photoelectrical ly converting step of receiving the light emitted from a light emitting 
position and converting it into an electric signal, a comparison value setting step of automatically setting a comparison 
value from an electric signal corresponding to the lead-in area of the mark, and a mark determining step of comparing 

15 a detected value corresponding to the data area in the mark with the comparison value and determining, in tiie event 
that the detected value exceeds the comparison value, the position at which the mark is formed. 

In order to accomplish the foregoing objects, the thirty-third invention provides a method of detecting a mark by 
irradiating the mark, containing the fluorescent substance, with an exciting light and receiving a fluorescent light emitted 
from the mark, characterized in tiiat the method comprises a step of intermitterrtly projecting the exciting light of a sub- 

20 stantially constant intensity, a step of receiving light, emitted from an irradiating posrtion of ihe exciting light, and con- 
verting it into an electric signal, an incident light intensity detecting step of oulputting as a comparison value an electric 
signal corresponcfing to the irrtensity of inddent light during an irradiating period, a fluorescent intensity detecting step 
of outputting, as a detected value, an electric signal indicative of the magnitude of a fluorescent component of tiie incident 
light, and a determining step of comparing the detected value with the comparison value and determining, in the event 

25 that the detected value exceeds the comparison value, the position at which the mark is formed. 

In order to accomplish the foregoing objects, tiie tiiirty-fourth invention provides an optical reading apparatus for 
detecting a mark by irradiating the mark to be detected, containing tiie fluorescent substance capable of emitting light 
of a wavelength different from that of an exciting light, with the exciting light and receiving a fluorescent light emitted 
from the mark, characterized in that it comprises a light irradiating means for projecting the exciting light of a substantially 

30 constant intensity irrtermittently at a predetermined cycle, a photoelectric converting means for receiving the light emitted 
from a light emitting position and converting it into an electric signal, a waveform detecting means synchronized with an 
irradiating timing of the light irradiating means for making it possible to individually detect a minimum value shortly before 
start of the irradiation, a maximum value shortly before interruption of the irradiation and a detected value immediately 
after interruption of tiie irradiation, and a mark determining means for comparing tine detected value with a comparison 

35 value obtained by dividing the difference between the maximum value and tiie minimum value and for determining, in 
the event tiiat tiie detected value exceeds tiie comparison value, tiie position at which the mark is formed. 

In order to accomplish the foregoing objects, the thirty-fifth invention provides an optical reading apparatus for detect- 
ing a mark by in'adiating the mark to be detected, containing the fluorescent substance capable of emitting light of a 
wavelength different from that of an exciting light, with the exciting light and receiving a fluorescent light emitted from 

40 the mark, characterized in that it comprises a light in-adiating means for projecting the exciting light of a sutjstantially 
constant intensity intermittently at a predetermined cycle, a photoelectric converting means for receiving tiie light emitted 
from a light emitting position and converting it into an electric signal, a waveform shaping means for inverting and ampli- 
fying half of an output signal from the photoelectric converting means in synchronism with a timing displaced 90** relative 
to a period of irradiation by tiie light irradiating means, and a low-pass filtering means for selectively outputting a direct 

45 current component from the output signal of the waveform shaping means. 

In order to accomplish the foregoing objects, the thirty-sixth invention provides an optical reading apparatus for 
detecting a mark by irradiating the mark to be detected, containing the fluorescent substance capable of emitting light 
of a wavelength different from that of an exciting light, witii the exciting light and receiving a fluorescent light emitted 
from tiie mark, characterized in that it comprises a light irradiating means for projecting tiie exciting light of a substantially 

50 constant intensity intermittentiy at a predetermined cycle, a filtering means for selectively receiving a component of light 
emitted from a light emitting position, which component has a wavelength conresponding to a fluorescent light, a pho- 
toelectric converting means for converting tiie light, received through the filtering means, into an electric signal, a wave- 
form shaping means for inverting and amplifying half of an output signal from the photoelectric converting means in 
synchronism witii a timing displaced 90** from an in-adiating period of tiie light irradiating means, a low-pass filtering 

53 means for selectively extracting a direct current component from an output from the waveform shaping means, and a 
comparing means for comparing a detected voltage outputted from the low-pass filtering means with a predetermined 
voltage and for outputting a detection signal in tiie event that tiie detected voltage exceeds the predetermined voltage. 

In order to accomplish tiie foregoing objects, tiie thirty-seventh invention provides an optical reading apparatus 
which comprises a projecting unit for projecting an exdting light necessary to excite a fluorescent substance onto a 
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carrier formed with a fluorescent mark containing the fluorescent substance, a light receiving unit for receiving a fluo- 
rescent light emitted from the fluorescent substance and light reflected from the carrier and converting them into an 
electric signal, an amplifying unit for amplifying the electric signal outputted from the light receiving unit, and a signal 
detecting unit for detecting information recorded by the fluorescent mark from an output signal from the amplifying unit. 

5 which apparatus is characterized in that the amplifying unit has an amplification factor which is variable according to the 
intensity of the reflected light incident on the light receiving unit and in that the output signal from the amplifying unit 
which has a peak value lower than a predetermined value is supplied to the signal detecting unit for analog-to-digital 
conversion thereof to provide a digital signal corresponding to a pattern in which the fluorescent mark is formed. 

In order to accomplish the foregoing objects, the thirty-eighth invention provides an optical reading apparatus which 

10 comprises a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 
formed with a fluorescent mark containing the fluorescent substance, a light receiving unit for receiving a fluorescent 
light emitted from the fluorescent substance and light reflected from the carrier and converting them into an electric 
signal, an amplifying unit for amplifying the electric signal outputted from the light receiving unit, and a signal detecting 
unit for detecting information recorded by the fluorescent mark from an output signal from the amplifying unit, which 

15 apparatus is characterized in that the amplifying unit has an amplification factor which is variable according to the intensity 
of the reflected light incident on the light receiving unit and the intensity of the fluorescent light and in that the output 
signal from the amplifying unit which has a peak value lower than a predetermined value is supplied to the signal detecting 
unit for analog-to-digital conversion thereof to provide a digital signal corresponding to a pattern in which the fluorescent 
mark is formed. 

20 In order to accomplish the foregoing objects, the thirty-ninth invention provides an optical reading apparatus which 

comprises a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 
formed with a fluorescent mark containing the fluorescent substance, a light receiving unit for receiving a fluorescent 
light emitted from the fluorescent substance and light reflected from the can-ier and converting them into an electric 
signal, an amplifying unit for amplifying the electric signal outputted from the light receiving unit, and a signal detecting 

25 unit for detecting information recorded by the fluorescent mark from an output signal from the amplifying unit, which 
apparatus is characterized in that the output signal from the amplifying unit is supplied to the signal detecting unit so 
that the output signal from the amplifying means can be sliced in the signal detecting unit by two or more slice signals 
having two or more slice levels to provide two or more digital signals whereby a digital signal corresponding to the 
fluorescent mark can be obtained by logically summing the two or more digital signals together. 

30 In order to accomplish the foregoing objects, the fortieth invention provides an optical reading apparatus which 
comprises a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 
formed with a fluorescent mark containing the fluorescent substance, a light receiving unit for receiving a fluorescent 
light emitted from the fluorescent substance and light reflected from the carrier and converting them into an electric 
signal, an amplifying unit for amplifying the electric signal outputted from the light receiving unit, and a signal detecting 

35 unit for detecting information recorded by the fluorescent mark from an output signal from the amplifying unit, which 
apparatus is characterized in that an output signal outputted from the amplifying unit when an amplification factor thereof 
is set to a low value and an output signal outputted from the amplifying unit when the amplification factor thereof is set 
to a high value are supplied to the signal detecting unit so that the output signals from the amplifying means can be 
sliced in the signal detecting unit by a slice signal having a particular slice level to provide two or more digital signals 

40 Whereby a digital signal corresponding to the fluorescent mark can be obtained by logically summing the two or more 
digital signals together. 

According to the first, ninth and fourteenth inventions described above, since the fluorescent substance is in the 
form of ultra-microparticles having an average particle size smaller than the wavelength of the fluorescent light of a 
maximum intensity emitted from the f lorescent substance and, in other words, since the wavelength of the fluorescent 
45 light is greater than the particle size of the fluorescent particles, the fluorescent light emitted from the fluorescent particles 
arrives at a surface of the fluorescent ink deposit having passed through the fluorescent particles positioned thereabove. 
Accordingly, the fluorescent light can be effectively radiated, detection of the fluorescent light is ensured, and the reliability 
can be increased. 

According to the second, tenth and fifteenth inventions described above, since the fluorescent substance is in the 
50 form of ultra-microparticles having an average particle size smaller than the wavelength of the exciting light of a maximum 
intensity emitted from the f lorescent substance and. in other words, since the wavelength of the exciting light is greater 
than the particle size of the fluorescent particles, the exciting light can effectively irradiate the fluorescent particles in a 
lower region even though the fluorescent particles in an upper region exist above the lower region. Therefore, the effi- 
ciency of activation (excitation efficiency) of the fluorescent substance is high and. consequently, detection of thefluo- 
55 rescent light is ensured accompanied by an increase in reliability. 

According to the third invention, the fluorescent substance comprises, as shown by the general formula (1) or (2). 
a salt of oxyacid containing, as an optical active element, one or nrore elements selected from the group consisting of 
Nd, Yb and Er. Even this fluorescent substance is in the form of microparticles and, therefore, detection of the fluorescent 
light is ensured accompanied by an increase in reliability 
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According to the fourth invention, the fluorescent substance comprises, as shown by the general formula (3), (4) or 
(5). Fe and Er as an optical active element and at least one element selected from the group consisting of Sc, Ga, Al, 
In. Y, Bi, Ce. Gd. Lu and La. 

Even this fluorescent substance is a novel fluorescent substance having a light emission spectrum different from 
5 that of the prior art fluorescent substance and is particularly suited for use in a field in which security is required. 

According to the fifth invention, the f luor^cent substance comprises, as shown by the general formula (6). (7) or 
(8). Yb as an optical active element and at least one element selected from the group consisting of Sc, Ga, Al, In. Y. Bi, 
Ce, Gd, Lu and La. 

Even this fluorescent substance is a novel fluorescent substance having a light emission spectrum different from 

TO that of the prior art fluorescent substance and is particularly suited for use in a field in which security is required. Also, 
this fluorescent substance is in the form of generally spheroidal fluorescent particles of substantially uniform size with 
no acicular particles and can therefore be uniformly dispersed in a composition. 

According to the sixth and eleventh inventions, the fluorescent substance comprises at least one organic substance 
containing rare earth element, said organic substance being selected from the group consisting of Nb, Yb and Er and 

75 carried with an organic substance such as. for example, polymethine. anthraquinone. dithiol metal, phthalocyanine, 
indophenol or azo dyestuff of a kind having an absorption band within the infrared region of rays of light. Therefore, the 
rare earth element has a fluorescent output sufficient for a high speed reading and can emit light in response to a variety 
of wavelength of the exciting light. In other words, in view of the fact that the wavelength of the exciting light varies 
depending on the organic substance to be candied, the exciting wavelength (the wavelength of the exciting light required 

20 to excite the fluorescent substance) to be applied to the fluorescent substance can ba varied advantageously. 

In other words, aithough the fluorescent substance containing one or more elements selected from the group con- 
sisting of Nb, Yb and Er afctsoriDs and emits light peculiar to the selected element or elements, the rare earth metal 
generally has a relatively low light absorption efficiency as compared with an organic compound and, therefore, addition 
of an organic compound having an absorption band within the infrared region of light is effective to increase tfie light 

25 absorption efficiency to thereby enhance the intensity of light emitted by the rare earth metal. 

Also, in view of the fact that the wavelength of the exciting light varies depending on the organic substance to be 
carried, the exciting wavelength to be applied to the fluorescent substance can ba advantageously varied. 

According to the seventh, twelftii and thirteenth inventions, the fluorescent substance contains, as shown by the 
general formula (9) or (10), at least one of Nb and Yb as an optical active element and, other tiian tiiis optical active 

30 element, at least one oxide of Mo or W and an alkaline earth metal. 

The reason that this fluorescent substance has an excellent water resistance appears as follows. Namely, while tiie 
water solubility depends on tine magnitude of energies necessary to break the bond between anions and cations con- 
tained in the material to form a hydrate, that is, the magnitude of a bonding force between the anions and the cations, 
the bonding force is related to the valence and the coordination number of tiie ions. Accordingly, as compared with a 

35 salt having tine same anions, tiie divalent alkaline earth metal exhibits a higher bording force tinan the monovalent alkaline 
metal so far as the cations are concerned. Also, if, for example, Mo042~ is chosen for the anion, respective coordination 
numbers of Na and Ca are six and eight, and therefore, CaMo04 exhibits a higher bonding force than Na2Mo04. 

Accordingly, for the same anions, the use of the alkaline earth metal for tiie cations is advantageous in respect of 
the water resistance and this tendency appears to iDe maintained even where the rare earth element is added. 

40 The eighth invention is characterized in that the flux material containing the salt expressed by T2RO4-nH20 is added 
witin at least one optical active element selected from the group consisting of Nd and Yb, at least one oxide of one of 
Mo and W and an alkaline eartii metal and is then calcinated, followed by dissolution of the flux material with a solvent 
to remove it. 

With respect to the particle size of the fluorescent substance so prepared by the calcination referred to above, 
45 comparison of the prior art powdery fluorescent substance having a mati-ix comprised of Na2Mo04 and mechanically 
pulverized after the calcination, the powdery fluorescent substance of the present invention having a matrix of CaMo04 
and mechanically pulverized after the calcination and the fluorescent substance added with a water-soluble flux material 
during the caldnation, but with the flux material having been removed by flushing subsequent to the calcination, have 
shown tiiat, while the prior art substance was of a particle size of about 5 fxm at minimum, tine substance of the present 
50 invention was found to be microparticles in which primary particles of a particle size within the range of about 2 to 5 luim 
were secondarily aggregated, and the substance introduced with the flux material was found to be nnicroparticles of a 
partide size not greater than 1 inm. 

In the solid phase reaction induced by the calcination the partide size of the starting material is one of factors that 
determine the particle size of a reaction product (in this case, the fluorescent substance). The smaller tine partide size 
55 of tine raw material, the smaller tine particle size of the reaction product. Accordingly, tine material of a particle size as 
small as possible should be chosen for tine raw material. 

Anotiner one of the factors tinat determine tine partide size of tine fluorescent substance is the surface area of contact 
among tine raw materials tiiat induce the solid phase reaction. The larger the contact surface area, the more often the 
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solid phase reaction occurs, resulting in acceleration of the particle growth. By way of example, considering the reaction 
of only the matrix comprised of CaMo04 employed in the present invention, the solid phase reaction may be expressed by 

[CaC03(s) + Mo03(s) ^ CaMo04(s) + C02(g)]. 

5 

(In this case, the calcinating temperature is 750°C which is lower than the decomposition temperature. 900**C, of CaCOa, 
but it is suspected that such a reaction. 

[CaCOaCs) -> CaO(s) + COalg)], 

10 

may occur as a result of somewhat decomposition.) 

If for the flux material Na2Mo04 is employed which has a melting point at 687°C which is lower than the calcination 
temperature of 750°C, the solid phase reaction takes place. CaCOa and M0O3 are dispersed in the flux melt, accom- 
panied by reduction in surface contact area among the raw materials. In view of this, the particle growth appears to be 

15 disturbed, resulting in reduction in particle size of the reaction product. 

With respect to the light emission intensity, so long as the fluorescent substance added with and activated by. for 
example Nd and Yb is concerned, when emission outputs exhibited respectively by the conventional fluorescent sub- 
stance containing Na2Mo04 as a matrix, the fluorescent substance of the present invention containing CaMo04 as a 
matrix and the fluorescent substance having a particle size not greater than 1 jtm, as a result of excitation by the pulsating 

20 exciting light are compared, the fluorescent substance of the present invention has resulted in reduction of the light 
emission intensity down to about 80% of that exhibited by the conventional fluorescent substance and the fluorescent 
substance of the particle size not greater than 1 jam has resulted in reduction of the light emission intensity down to 
about 40% of that exhibited by the conventional fluorescent substance. 

However, when the sensitivity of an Si photodetector is taken into consideration, these emission intensities would 

25 bring about no problem in practice. This is because this reduction in emission intensity discussed above is attributable 
to the particle size of the fluorescent substance being smaller than that of the conventional fluorescent substance and 
not attributable to the type of matrix material. 

The emission intensity and the response are associated with the transition probability of the rare earth element. 
Specifically, the higher the transition probability, the higher emission intensity and the higher the response. The optical 

30 transition of Nd and Yd which are used in the practice of the present invention as an optical active element is a transition 
of f-electrons between energy levels and is known as a forbidden transition in terms of the parity of the wave function. 

However, in crystals, levels having a parity reverse to the f-trajectory due to the crystal field are mixed up and the 
f-f transition is permitted to a certain extent. This tolerance is large if the symmetric property of the crystal field is low 
and, hence, the transition probability is high. By way of example, while Na2M04 employed in the conventional fluorescent 

35 substance is of a cubic system, CaM04 employed in the practice of the present invention is of a pyramidal quadratic 
system and, therefore, the symmetric property of the crystal is low. Accordingly in terms of material, the fluorescent 
substance of the present invention cannot be considered inferior to the conventional fluorescent substance in respect 
of the emission intensity and the response. 

Also, the response does not depend on the particle size, and the fluorescent substance of the present invention 

40 which is considered having a high transition probability exhibits a somewhat higher response. 

According to the sixteenth invention, since the content of the fluorescent particles in the fluorescent ink deposit 
formed by printing is greater than 1 wt%, but smaller than 30 wt%, the presence of the ink deposit is not noticeable in 
sight and, therefore, the ink deposit will not adversely affect the appearance of the fluorescent mark carrier. Accordingly, 
it is suited for the fluorescent mark carrier to have a security. 

45 According to the seventeenth invention, since the fluorescent ink deposit formed by printing has a thickness not 

greater than 35 times the particle size of the fluorescent particles, the presence of the ink deposit is not noticeable in 
sight and. therefore, the ink deposit will not adversely affect the appearance of the fluorescent mark carrier. Accordingly, 
it is suited for the fluorescent mark carrier to have a security. 

According to the fluorescent composition of the eighteenth invention, since the binder for dispersing and retaining 

50 the fluorescent microparticles has a light transmissivity with respect to each of the exciting and fluorescent light being 
not lower than 80%, entry of the exciting light into the fluorescent ink deposit and exit of the fluorescent light generated 
internally of the fluorescent ink deposit to the outside take place efficiently. Because of this, assured detection of the 
fluorescent light is possible, accompanied by increase in reliability. 

According to the fluorescent mark carrier of the nineteenth invention, the fluorescent particles in the fluorescent 

55 mark carrier are deposited on a fiber aggregation having minute surface irregularities such as, for example, paper, and 
therefore the fluorescent ink deposit has a surface formed with corresponding minute surface irregularities. If the fluo- 
rescent ink deposit containing the fluorescent particles are formed on a smooth surface such as, for example, a synthetic 
film, the surface of the ink deposit will become smooth. If this smooth surface of the fluorescent ink deposit is irradiated 
with the exciting light, portion of the exciting light will undergo a regular reflection and will no longer activate the fluorescent 
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substance. However, deposition of the fluorescent particles on the fiber aggregation such as accomplished in the present 
invention is effective to substantially eliminate such a regular reflection of the exciting light and. therefore, the efficiency 
of excitation of the fluorescent substance is high. 

According to the fluorescent mark carrier of the twentieth invention, since the fluorescent ink deposit in the fluores- 
cent mark carrier has a 20% or lower visible ray absorption characteristic, the fluorescent ink deposit is substantially 
colorless and transparent ard, for this reason, it will not adversely affect the appearance of the fluorescent mark carrier 
and is suited for use where security is of great importance. 

According to the optical reading apparatus of the twenty-first invention, the min-or has a portion thereof provided 
with a light transmitting region for allowing a substantially entire quantity of the exerting light from the light emitting element 
to pass therethrough. Therefore, as compared with the semitransparent mirror employed in the conventional optical 
reading apparatus, the quantity of the exciting light used to irradiate the fluorescent substance can be increased, with 
activation of the fluorescent substance enhanced effectively. 

Moreover, the quantity of the fluorescent light reflected by the mirror is relatively large as compared with that reflected 
by the semitransparent min^or. For this reason, detection of the fluorescent light is ensured and the reliability can be 
increased. 

According to the optical reading apparatus of the twenty-second invention, since the pattern of the exciting light 
emitted from the light emitting element is elliptical with its major axis extending in a direction lengthwise of the bar code, 
the area of the illuminated surface increased as compared with the conventional round pattern of the exciting light (that 
is. assuming that the diameter of the round pattern is equal to the length of the minor axis of the elliptical pattern). For 
this reason, the intensity of the light emitted is high, making it possible to accomplish an assured detection of the fluo- 
rescent light accompanied by increase in reliability. 

With the optical reading apparatus of the twenty-third invention, since the velocity v of transport of the fluorescent 
mark carrier is regulated by the relationship between the length d of the opening in the slit member and the rise time tu, 
only the information desired to be read (for example, a single bar code) can be assuredly read out with no time wasted. 
For this reason, the reliability in reading can be increased, making it possible to accomplish a high speed reading. 

With the optical reading apparatus of the twenty-fourth invention, since the velocity v of transport of the fluorescent 
mark carrier is regulated by the relationship the interval between neighboring portions printed with the fluorescent sub- 
stance and the fall time td, only the information desired to be read can be assuredly read out with no possibility of being 
adversely affected by the fluorescent afterglow from the neighboring bar and. therefore, the reliability can be increased. 

In the optical reading apparatus according to the twenty-fifth invention, the provision is made of the slit member 
between the second convex lens and the light receiving element wherefore, even though the thickness of the fluorescent 
mark carrier caries to a certain extent, the fluorescent mark carrier can be satisfactorily transported without damaging 
the slit member. 

According to the twenty-sixth invention, the semiconductor laser diode having an excellent light collecting ability and 
also an excellent light directivity is employed for the light emitting element and, for the drive circuit for driving the semi- 
conductor laser diode, the circuit having an automatic power control function so that the exciting light is monitored to 
control output conditions of the exciting light being emitted from the laser diode. Therefore, both of the pulse interval 
and the pulse intensity of the exciting light are fixed to make it possible to provide the optical reading apparatus stabilized 
in operation. 

According to the twenty-seventh invention, since the relationship among the velocity v of transport of the fluorescent 
mark carrier, the length d of the opening in the slit member and the rise time tu are uniquely defined. It is possible to 
provide a high speed reading system capable of reading out only the information desired to be read with no time wasted. 

According to the twenty-ninth invention, since the relationship among the velocity v of transport of the fluorescent 
mark carrier, the interval L between neightxDring portions printed with the fluorescent substance and the fall time td is 
uniquely defined, it is possible to provide a highly reliable reading system capable of reading only the information desired 
to be read with no possibility of being adversely affected by the fluorescent afterglow from the neighboring bar. 

Since each of the twenty-ninth and thirty inventions is so constructed as hereinbefore described, a merchandise 
sorting can be automatically, efficiently and assuredly accomplished. 

According to each of the thirty-first and thirty-second inventions, since the lead-in area of the fluorescent mark has 
a length sufficiently greater than the longest continuous portion of the pattern formed at the data area, the intensity of 
the fluorescent light emitted from that lead-in area is higher and more stabilized than the data area and is comparable 
to the intensity proper to particular detecting condition or environments. 

Moreover, since that lead-in area is d^ined at a location adjacent a portion of the data area which is first scanned 
and is continued to the data area, that lead-in area works together with the data area so as to provide a substantially 
constant contrast over the entire region of the data area and the intensity of the fluorescent light emitted from the data 
area can vary uniformly over the entire region of the data area. 

Therefore, by initially detecting the intensity of the fluorescent light at the lead-in area and then comparing the 
intensity of the fluorescent light emitted from the data area with a reference value represented by the intensity of the 
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fluorescent light from the lead-in area, the contents of the mark formed at the data area can advantageously be deter- 
mined accurately. 

In the optical reading apparatus according to each of the thirty-third and thirty-fourth inventions, when the mark is 
irradiated by the light from the light irradiating means, not only does the mark reflect the incoming light, but also an 

5 irradiated portion of the mark emits the fluorescent light of a particular wavelength. The incident light containing the 
reflected component and the fluorescent conponent is passed through the optical filtering means to selectively extract 
the light of a wavelength equal to that of the fluorescent length and is subsequently converted into an electric signal by 
the photoelectric converting means so that the electric signal can be processed by the waveform detecting means. 
In the waveform detecting means, the magnitude of the amplitude of the incident and the intensity of the fluorescent 

10 light are detected individually Therefore, by preparing a comparison value which varies with change in intensity of the 
incident light and allowing the mark determining means in the subsequent stage to compare the detected value with the 
comparison value, the comparison value can be automatically set to an optimum value according to change in intensity 
of the incident light itself. 

Moreover, by allowing a signal input determining means to determine at all times the intensity of the incident light 
15 and to initiate a determining operation only when the significant incident light is detected, only genuine data are used 
as a detected value and a comparison value and, therefore, the reliability can be increased advantageously. 

In the optical reading apparatus according to each of the thirty-fifth and thirty-sixth invention, when the pulsating 
light from the light irradiating means is projected onto the mark at a predetermined timing, light from that portion of the 
mark on which the light impinges enters the optical filtering means. The light incident on the optical filtering means 
20 contains external light having a random distribution of wavelength, but having an intensity of a substantially constant 
level, reflected light having a distribution of wavelength that can be specified, but having an intensity that varies in a 
fashion represented by a rectangular wavelength, and fluorescent light having a particular wavelength different from that 
of the reflected light, but having a intensity that varies with irradiation of the light. 

Therefore, the use of the optical filtering means is effective to selectively pass the light of a wavelength equal to that 
25 of the fluorescent light therethrough so that the other light components than the fluorescent light can be attenuated down 
to a value as small as possible, thereby making it possible for the photoelectric converting means to convert the intensity 
of the light into an electric signal of a magnitude proportional to such intensity of the light. 

While the external light has a substantially constant intensity, the reflected light has a cyclically varying intensity of 
a substantially constant level. On the other hand, the fluorescent light has an intensity that varies according to the 
30 irradiating light at the same timing as the reflected light. In other words, the fluorescent light just emitted and the fluo- 
rescent afterglow attain a maximum intensity when the irradiating light is switched off, and a minimum intensity when 
the irradiating light is switched on. 

Accordingly, if the waveform shaping means is so designed so as to invert and amplify the input signal, inputted 
during a period of irradiation, at a timing shifted 90^ relative to the period of irradiation, the half period during which both 
35 Of the emitted light and the fluorescent afterglow are relatively high can be obtained in the form of a change in positive 
voltage whereas the half period during which they are relatively low can be obtained in the form of a change in negative 
voltage. 

In the meantime, while each of the external light and the reflected light gives rise to positive and negative voltages 
that are equal to each other, the electric signal indicative of the fluorescent light is so inverted that the difference between 

40 the both can be maximized. Accordingly, when the electric signal is passed through the low-pass filtering means in the 
subsequent stage, both of the external light and the reflected light are cancelled, but the fluorescent light if contained 
gives rise to the difference between the positive and negative signals which is extracted as a direct cun-ent voltage. 
Therefore, if it is determined that the difference between the direct current voltage with a preset value set in a comparator 
is significant, a mark signal indicative of the position of the mark is outputted. 

45 In the optical reading apparatus according to any one of the thirty-seventh to fortieth inventions, the level and ampli- 

tude of the analog reproduction signal vary considerably depending on surface properties of the carrier on which the 
fluorescent mark is formed. On the other hand, the level and amplitude of this analog reproduction signal can be properly 
adjusted by varying the amplification factor of the amplifying unit. In view of this, if the amplification factor of the amplifying 
unit can be switched depending on the intensity of the reflected light incident upon a light receiving unit and the level of 

50 the analog reproduction signal is matched with a predetermined slice signal level set in the signal detecting unit, adesired 
binary signal can be obtained with a slice signal of a predetermined level regardless of the properties of the carrier and. 
therefore, information associated with the fluorescent marks on the carriers of a varying material can be precisely read 
out with the single reading apparatus. 

Also, if the amplification factor of the amplifying unit is adjustable to one of different values depending on the intensity 

55 Of the reflected light and that of the fluorescent light both incident upon the light receiving unit, it is possible to match 
the level of the analog reproduction signal with that of the slice signal as accurately as possible and, therefore, the 
reading of the fluorescent mark signal can be accomplished highly precisely 

On the other hand, where the analog reproduction signal detected from a series of fluorescent marks formed on 
one and the same carrier varies in level, no accurate reading of the fluorescent mark information is possible with the 
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previously described first and secorxi means. Accordingly, if the analog reproduction signal supplied to the signal detect- 
ing unit is sliced by two or more slide signals having two or more slice levels appropriate to the level variation, the binary 
signal of the analog reproduction signal for each level can be obtained. If a logical sum of the binary signals for those 
levels is calculated, the binary signal con-esponding to the entire analog reproduction signal can be obtained. Thus, even 

5 though the analog reproduction signal detected of the series of the fluorescent marks formed on one and the same 
carrier accompanies a partial level variation, the fluorescent mark information can be read out accurately 

Also, in a similar situation, even if without the analog reproduction signal being sliced by the two or more slice signals, 
the amplification factor is adjusted according to each of the levels of the analog reproduction signals so that the analog 
reproduction signal can be sliced by a slice signal having a particular slice level, the binary signals of the analog repro- 

10 duction signals for those levels can be obtained. Even in this case, if a logical sum of the binary signals for those levels 
is calculated, the binary signal corresponding to the entire analog reproduction signal can be otrtained. 

By way of example, with respect to the analog reproduction signal of a high level, this analog reproduction signal is 
sliced by a particular slice signal with the amplification factor lowered. At this time, no digitization takes place of the 
analog reproduction signal of a low level. On the other hand, with respect to tiie analog reproduction signal of the low 

15 lev 1, this analog reproduction signal is sliced by the particular slice signal with the amplification factor increased. At this 
time, no digitization takes place of the analog reproduction signal of the high level. Accordingly, by taking the logical sum 
of these binary signals, the binary signal corresponding to the entire analog reproduction signal can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is a diagram showing an emission spectrum exhibited by a complex salt of cinnamic add with neodymium 
and ytterbium (1/1) according to an embodiment of the present invention; 

Rg. 2 is a characteristic graph showing the relationship between the molar ratio of NdT/b contained in the complex 
salt of cinnamic acid with neodymium and ytterbium (1/1) and the emission intensity: 
25 Fig. 3 is characteristic graphs showing the irradiation timing of an exciting light and respective condrtions of emission 

of f lorescent light from two types of fluorescent substances: 

Rg. 4 is a schematic diagram showing tine relationship among tiie slit lengtii in a slit member, the velocity of transport 
of a fluorescent mark carrier and the intervals of fluorescent ink deposits on the carrier; 

Rg. 5 is a graph showing the relationship among the viscosity of an inking medium of the present invention for use 
30 with an ink jet printer according to the present invention, a relative output and the degree of variability of the size of 
a droplet of the inking medium; 

Rg. 6 is a graph showing the relationship among the surface tension of the inking medium of the present invention 
for use with the ink jet printer and the degree of variability of the size of the ink droplet; 

Rg. 7 is a graph showing tiie relationship between the specific resistance of the ink droplet and the degree of 
35 variability of the ink droplet; 

Rg. 8 is a graph showing the relationship between the pH value of the inking medium of the present invention for 
use with the Inkjet printer and the dispersion stability: 

Rg. 9 is a chart showing charge stocks of various fluorescent substances in respective samples 1 to 7 and mixing 
ratios thereof; 

40 Rg. 1 0 is a chart showing charge stocks of various fluorescent substances in respective samples 8 to 1 5 and mixing 
ratios thereof; 

Rg. 1 1 is a chart showing calcination temperature, composition and particle size of the various fluorescent sub- 
stances in the respective samples 1 to 7; 

Rg. 12 is a chart showing calcination temperature, composition and particle size of the various fluorescent sub- 
45 stances in the respective samples 8 to 15; 

Rg, 13 is a diagram showing an emission spectrum of the fluorescent substance in the sample 1 according to an 
embodiment of the present invention; 

Rg. 14 is a diagram showing an emission spectrum of the fluorescent substance in the sample 7 according to an 
embodiment of the present invention; 
50 Rg. 15 is a diagram showing an emission spectrum of the fluorescent substance in the sample 17 which pertains 

to a comparison: 

Rg. 16 is a chart showing charge stocks of various fluorescent substances in respective samples 16 to 20, which 
pertain to respective embodiments of the present invention, mixing ratios thereof and calcination temperatures; 
Rg. 17 is a diagram showing an emission spectrum exhibited by the fluorescent substance. (ErY)3(FeAI)50i2. in 
55 the sample 16 according to the emt)odiment of the present invention: 

Rg. 18 is a graph showing a pattern of distribution of spectral sensitivity of a Ge photodiode; 

Rg. 19 is a graph showing a pattern of distribution of spectral sensitivity of an InGaAs photodiode; 

Rg. 20 is a chart showing charge stocks of various fluorescent substances in respective samples 21 to 25, which 

pertain to respective embodiments of the present invention, mixing ratios tfiereof and calcination temperatures; 
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Fig. 21 is a diagram showing an emission spectrum exhibited by the fluorescent substance. Ybo.3Y2.7Al50i2, in the 
sample 21 according to the embodiment of the present invention; 

Fig. 22 is a graph showing a change in emission intensity with change in molar ratio X of Yb in the fluorescent 
substance, YbxY^.xAl50i2, according to the embodiment of the present invention; 
5 Fig. 23 is a diagram showing an emission spectrum of the fluorescent substance according to Example 12; 

Fig. 24 is a photographic reproduction of a waveform of a response of the fluorescent substance in Example 1 2 to 
a pulsating exciting light; 

Fig. 25 is a microphotograph showing a particle structure of the fluorescent substance in Example 12; 
Fig. 26 is a graph showing a change in recovery with passage of time which is exhibited when the fluorescent 
10 substances in Examples 12 and 9 were immersed in a pure water; 

Fig. 27 is a schematic perspective view showing the principle of an electric field control system used in the practice 
of an Inkjet recording process; 

Fig. 28 is a plan view of a postal envelope formed with a fluorescent mark according to an errtoodlment of the present 
invention; 

15 Fig. 29 is a plan view showing another example of the postal envelope formed with the fluorescent mark according 

to the embodiment of the present invention; 

Fig. 30 is a flowchart showing the manner in which a bar code information is applied to postal matter and the bar 
code so applied is read out; 

Fig. 31 is a schematic diagram showing a first embodiment of an optical reading apparatus of the present invention; 
20 Fig. 32 is a plan view of a mirror used in the optical reading apparatus shown in Fig. 31 ; 

Fig. 33 is a fragmentary side sectional view of a portion of the optical reading apparatus, showing a function of a 
slit member; 

Fig. 34 is a schematic perspective view showing a pattern of a laser beam outputted from a semiconductor chip 
used in this embodiment of the present invention; 
25 Fig, 35 is a diagram used to explain the relationship between the pattern of the laser beam and a pattern of bar 

codes printed; 

Fig. 36 is a diagram used to explain the relationship between the pattern of the laser beam and the pattern of inclined 
bar codes; 

Fig. 37 is a plan view of a reflecting mirror used in a second embodiment of the optical reading apparatus; 
30 Fig. 38 is a fragmentary side sectional view of a portion of the optical reading apparatus utilizing the reflecting mirror 

showing Fig. 37; 

Fig. 39 is a schematic diagram used to explain how an Example 3 of the optical reading apparatus is used; 

Fig. 40 is a schematic diagram used to explain how the Example 3 of the optical reading apparatus is used; 

Fig. 41 is a timing chart showing the relationship between the timing of emission of a light emitting element and 
35 conditions of outputf rom a light receiving element in the practice of a detecting method utilizing fluorescent afterglow; 

Fig. 42 is a schematic block diagram showing an Example 4 of the optical reading apparatus; 

Fig. 43 is a diagram showing a structure of a semiconductor laser diode used in the optical reading apparatus; 

Fig. 44 is a schematic diagram showing a basic structure of an Example 5 of the optical reading apparatus; 

Fig, 45 is explanatory diagrams showing respective conditions in which marks are formed; 
40 Fig. 46 is a block diagram showing an entire structure of the optical reading apparatus; 

Fig. 47 is a diagram showing how the mark is detected; 

Fig. 48 is a flowchart showing the sequence of operation of a mark detecting unit; 

Fig. 49 is a schematic block diagram showing a basic structure of an Exannple 6 of the optical reading apparatus; 
Fig. 50 is a block diagram showing an entire structure of the optical reading apparatus shown in Fig. 49; 
45 Fig. 51 is a block diagram showing the details of the mark detecting unit used in the apparatus shown in Fig. 50; 

Fig. 52 is a timing chart showing the relationship among various signals appearing in the optical reading apparatus 
of Fig. 50; 

Fig. 53 is a schematic diagram showing a basic structure of an Exannple 7 of the optical reading apparatus; 
Fig. 54 is a block diagram showing an entire structure of the optical reading apparatus shown in Fig. 53; 
50 Fig. 55 is a block diagram showing the details of the mark detecting unit used in the apparatus shown in Rg. 54; 

Fig. 56 is a timing chart showing the relationship among various signals appearing in the optical reading apparatus 
of Fig. 54; 

Fig. 57 is a side sectional view, on an enlarged scale, of a mark carrier showing the mark, an adhesive layer and a 
protective sheet: 

55 Fig. 58 is a block diagram showing an Example 8 of the optical reading apparatus; 

Fig. 59 is a schematic diagram showing the manner in which the optical reading apparatus of Fig. 58 is arranged; 
Fig. 60 is a flowchart showing the sequence of reading of the mark executed by the optical reading apparatus of 
Fig. 58; 
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Fig. 61 is diagrams showing waveforms of analog reproduction signals given by the optical reading apparatus of 
Fig- 58; 

Fig. 62 is a flowchart showing the sequence of reading of the mark executed by the optical reading apparatus; 
Rg. 63 is a schematic diagram showing the manner in which an Example 9 of the optical reading apparatus ts 
5 arranged; 

Rg. 64 is diagrams showing waveforms of anatag reproduction signals given by the optical reading apparatus of 

Rg- 63; 

Rg. 65 is a circuit diagram showing amplifying and signal detecting units used in an Example 10 of the optical 
reading apparatus; 

10 Rg. 66 is a diagram showing waveforms of an analog reproduction signal outputted from a first differential amplifier 
used in the optical reading apparatus of Fig. 63; 

Rg. 67 is a diagram showing waveforms of an analog reproduction signal outputted from a second differential ampli- 
fier used in the optical reading apparatus of Fig. 63; 

Rg. 68 is a diagram showing waveforms of binary signals outputted from various units of the optical reading appa- 
15 ratus of Fig. 63; 

Rg. 69 is an explanatory diagram showing how the signal is digitized to provide the binary signal in an Example 1 1 
of the optical reading apparatus; 

Rg. 70 is an explanatory diagram showing the structure of the prior art optical reading apparatus; and 

Rg. 71 is a diagram showing analog reproduction signals appearing in the prior art optical reading apparatus. 

20 

BEST MODES FOR CARRYING OUT THE INVENTION 

For the purpose of easy understanding of the present invention, the present invention will be described under the 
following headings: 

25 

1. Fluorescent Substance ard Ruorescent Composition 

2. Method of Printing Ruorescent Composition and Fluorescent Mark Carrier 

3. Optical Reading Apparatus and Optical Reading System 

30 1 , [Ruorescent Substance and Ruorescent Composition] 

Fluorescent Composition 1 

The fluorescent substance of the present Invention is an organic metallic compound containing, as an optical active 
35 element, at least neodymium (Nd), or preferably an organic metallic compound containing, as an optical active element, 
a mixture of Nd and ytterbium (Yb). An organic material of this organic metallic compound is at least one organic material 
selected from the group consisting of carboxylic acid, ketone, ether and amine. 

More specifically, the organic metallic compound referred to above may be at least one organic metallic compound 
selected from the group consisting of neodymium cinnamate. a complex salt of cinnamic acid with neodymium and 
40 ytterbium, a complex salt of benzoic acid with neodymium and ytterbium, neodymium naphthoate and a complex salt of 
naphtiioaic acid with neodymium and ytterbium. Of them, a complex salt of cart»xylic acid comprising a cinnamic acid 
and Nd and Yb is preferred. 

The molar ratio of Nd relative to Yb (Nd:Yb) is preferably selected within the range of 9.5:5 to 3:7 and more preferably 
within the range of 9: 1 to 5:5, by the reason which will become clear from the subsequent description made with reference 
45 to Fig. 2. 

This fluorescent substance may be synthesized in any suitable manner, but the use of an ion-exchange reaction in 
an aqueous solution, such as published by M.D. Taylor, et al.. in J. Inorg. NucL Chem., 30, 1530-151 1 (1968), or an 
elimination reaction of isopropoxide in a non-polarity solvent such as published by P.N. Kapoor, et al., in Synth. React. 
Inorg. Met. -Org. Chem.. Vol. 1 7, 507-523 (1987), is preferred for synthesization of the fluorescent substance. 
50 Unlike an inorganic fluorescent substance, this organic fluorescent substance contains in its molecules an organic 

material such as carboxylic add, p-diketone, cyclic ether or cyclic amine, and in particular, cinnamic acid which is one 
kind of the carboxylic adds is prefen-ed because it has an excellent chemical stability and gives rise to a relatively high 
emission output. 

This fluorescent substance has an average primary particle size not greater than about 80% of the wavelength (810 
55 nm) of the infrared rays, that are used as exciting light, at the maximum intensity tiiereof and not greater than about 70% 
of the wavelength (980 nm) of the fluorescent light, emitted from such fluorescent light, at the maximum intensity thereof. 
Since this fluorescent substance does not form a block of primary partides such as observed in the inorganic fluorescent 
substance and will not damage crystals thereof, it can easily be pulverized and will become finer when dispersed in a 
binder. Therefore, when an inking medium for use with the Inkjet printer is to be prepared using this organic fluorescent 
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substance, the latter is satisfactorily stabilized having been dispersed in the binder with no substantial possibility of being 

precipitated and. therefore, the use of such inking nnediunn will not result in a nozzle clogging or an insufficient jetting of 

droplets of the inking medium, 

A specific methods of making the fluorescent substance will now be described. 
5 1 .24 g (8.37 mol) of cinnamic acid and 0.37 g (8.37 mol) of sodium hydroxide are added to 120 ml of ion-exchange 

water while being stirred, to provide an aqueous solution of sodium cinnamate. The pH value of this aqueous solution 

is adjusted to 10 by the use of an aqueous solution of 0.1 N sodium hydroxide. 

Separately therefrom. 0.54 g (1.39 mol) of neodymium chloride hexahydrate and 0.54 g (1.39 mol) of ytterbium 

chloride hexahydrate are dissolved completely in 50 ml of ion-exchange water to provide an aqueous solution which is 
70 subsequently added, while being stirred, to the aqueous solution of sodium hydroxide. This addition results in formation 

of sediment. 

Thereafter, the Ph value of the reaction liquid is adjusted to 5 by the addition of 0.1 N hydrochloric acid and is stirred 
for two hours, followed by filtration of the sediment to obtain a filtrate. The filtrate is. after having been washed, dried at 
1 20^*0 for 5 hours to provide 1 .62 g of a complex salt of cinnamic acid with neodymium and ytterbium (1/1 ). This quantity 

15 of the resultant fluorescent substance corresponds to the yield of 93.1%. 

Fig. 1 illustrates an emission spectrum exhibited by the complex salt of cinnamic acid with neodymium and ytterbium 
(1/1 ) when the latter is excited by exciting light emitted from a GaAiAs light emitting diode used as a source of excitation, 
showing the maximum peak wavelength appearing at about 980 nm. 

Fig. 2 illustrates a characteristic graph showing the relationship between the molar ratio of Nd relative to Yb (Nd/Yb) 

20 and the emission intensity. As shown therein, a high emission output is exhibited when the Nd/Yb molar ratio is within 
the range of 9.5/5 to 3/7 and preferably within the range of 9/1 to 5/5. 

The complex salt of cinnamic acid with neodymium and ytterbium (1 /I ) has an average particle size of 0.2 \im which 
corresponds to about 25% of the wavelength (0.81 \im) of the maximum intensity of the exciting light and about 20% of 
the wavelength (0.98 ^m) of the maximum intensity of the fluorescent light emitted by the complex salt of cinnamic acid 

25 with neodymium and ytterbium (1/1 ) and which is thus extremely smaller than the wavelength of the maximum intensity 
of any one of the exciting light and the fluorescent light. 

The above discussed method may be equally employed to prepare a complex salt of benzoic acid with neodymium 
and ytterbium and this can be accomplished if cinnamic acid used in the practice of the above discussed method is 
replaced with benzoic acid. Even the resultant fluorescent substance, that is, complex salt of benzoic acid with neodym- 

30 ium and yttertDium, has an average particle size which is extremely smaller than the wavelength of the maximum intensity 
of any one of the exciting light and the fluorescent light. 

The fluorescent substance in the form of super microparticles of an organic metallic compound such as, for example, 
neodymium cinnamate. neodymium naphthoate, complex salt of naphthoeic acid with neodymium and ytterbium or neo- 
dymium benzoate may be equally employed. 

35 Since the wavelength of the maximum intensity of the exciting light used to excite any of those fluorescent substances 
and the wavelength of the maximum intensity of the fluorescent light emitted therefrom exceed about 0.8 ^im (800 nm). 
the use of the fluorescent substance having an average particle size not greater than 0.8 iiim results in an effective entry 
of the exciting light and an effective emission of the fluorescent light 

Fig. 3 illustrates characteristic graphs showing a condition of the exciting light being irradiated and a condition of 

40 the fluorescent light emitted from the fluorescent substance. Fig. 3(a) illustrates the condition of irradiation from the 
GaAIAs light emitting diode and the exciting light emitted therefrom is generally in the form of a train of pulses having a 
pulse repetition period of 2,000 ^isec. 

Fig. 3(b) illustrates the condition of emission of the fluorescent light from the complex salt of cinnamic acid with 
neodymium and ytterbium (1/1). prepared by the previously discussed method, showing that the rise time tu required 

45 for the intensity of the fluorescent light emitted thereby subsequent to the start of irradiation of the exciting light to attain 
90% of the maximum intensity thereof is about 1 00 fisec. Also, the fall time td required for the intensity of the fluorescent 
afterglow subsequent to the interruption of irradiation of the exciting light to attenuate by a quantity corresponding to 
80% of the maximum intensity of the fluorescent light is about 50 p-sec. Thus, both of the rise time tu and the fall time 
td are smaller than 200 ^isec, showing an extremely high response. 

50 Fig. 3(c) illustrates the condition of emission of the fluorescent light from the fluorescent substance which is 

LiNdo sYbo 5P40-,2. showing that the rise time td is about 1 .300 \xsec and the fall time td is about 1 .000 |isec, both of 
them being considerably greater than 200 usee. If the rise time tu of the fluorescent substance is smaller than 200 ^sec 
as discussed above, the length of time required for the light receiving element to receive light subsequent to the start of 
irradiation of the exciting light is extremely small and. accordingly, a reading of a fluorescent mark formed by the use of 

55 the fluorescent substance can be accomplished at a high speed. 

Also, when as shown in Fig. 4 information is to be read out by an optical reading apparatus 25 from a fluorescent 
mark in the form of a pattern of bar codes defined by fluorescent ink deposits 1 8 formed by printing a fluorescent inking 
medium while a fluorescent mark earner 1 0 bearing such fluorescent mark is transported in one direction, the fluorescent 
substance contained in each fluorescent ink deposit 18 is activated by irradiating the fluorescent mark by the exciting 
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light 60 emitted from the light emitting element incorporated in the optical reading apparatus 25 to cause the fluorescent 
substance to emit from the respective ink deposit. 18 the fluorescent light 61 whidi is subsequently received by the light 
receiving element in the optical reading apparatus 25 for reading of the bar code information. 

It is to be noted that reference numeral 32 represents a slit member disposed on an optical path through which, as 
5 will become clear from the subsequent description, the exciting light 60 is projected onto the fluorescent ink deposits 
18 one at a time and the resultant fluorescent light 61 from the respective fluorescent inkdeposit 18 travels towards the 
light receiving element in the optical reading apparatus 25. Assuming that the speed v of transport of the fluorescent 
mark carrier 10 is expressed by v. the length of a slit 32a defined in the slit member 32 as measured in a cfirection 
conforming to the direction of transport is expressed by d and the rise time of the fluorescent substance is expressed 
10 by tu, and if arrangement is made to establish the relationship of (tu ^ d/v). information represented by each fluorescent 
ink deposit 18 on the fluorescent mark carrier being transported can assuredly be read only when such fluorescent ink 
deposit 18 is brought into alignment with the slit 32a of the sirt member 32. If, however, the rise time tu of tiie fluorescent 
substance is greater than 6/v, the respective ink deposit 18 will pass underneath the slit 32a without giving rise to a 
sufficient intensity of the fluorescent light and. accordingly, the light receiving element will provide an output so low as 
15 to result in a problem in reliability. 

Also, referring still to Fig. 4, if arrangement is made to estat)lish tiie relationship of (td ^ LTv) wherein L represents 
the interval between the neighboring fluorescent ink deposits (for exanrple, bars) 18 as measured in a direction con- 
forming to the direction of transport of the fluorescent mark can-ier 10 and td represents the fail time of the fluorescent 
substance, an accurate reading of the bar code information is possfole. If the fluorescent substance having a relatively 
20 long fall time td. that is, the fluorescent substance capable of giving a fluorescent afterglow for a relatively long time, is 
employed, the fluorescent afterglow emanating from one of the fluorescent ink deposits 1 8 that precedes the fluorescent 
ink d posit 1 8 having moved past a position aligned with the slit 32a may also be read and, therefore, an accurate reading 
of the code information cannot be accomplished. 

In contrast thereto, the use of the fluorescent substance having the fall time td that is extremely small as shown In 
25 Fig. 3(b) is employed, the problem such as discussed above can be eliminated, making it possible to accomplish an 
accurate reading of the code information and also to reduce the interval L between the neighboring ink deposits forming 
the code bars to thereby reduce the area in which the fluorescent mark is formed. 

The use of an organic binder having a density p2 which satisfies the relationship of (p1/p2 ^1.8) wherein pi 
represents tiie density of the fluorescent substance is effective to eliminate such a problem tiiat the amount sediment 
30 of the fluorescent microparticles in tiie inking medium is so small tiiat, when the fluorescent ink deposit Is formed, the 
fluorescent micro|DarticIes may be concealed having been covered by a film of binder to an extent as to prevent the 
fluorescent light from being quickly surfaced. 

The content of the binder in the fluorescent ink deposit must be equal to or greater than 5 wt%. If tfie content of the 
binder is smaller than 5 wt%, the fluorescent particles may separate and, for this reason, printing of the bar code will 
35 become incomplete to such an extent as to pose a difficulty in properly retaining the information. In view of tfiis, tiie 
content of the binder is required to be equal to or greater than 5 wt%. 

For a water-soluble organic binder, acrylic resin or an acrylic resin having, in its side chain, an ester group or polyether 
may be employed. Other than these examples, polyvinyl alcohol, polyvinyl pyrrolidone, carboxymethyicellulose, starch, 
a formalin condensate of naphthalene sulfonate or polystyrene sulfonate may also be enployed. 
40 For a non-water-soluble organic binder, a phenol resin such as, for example, novolak-type phenol, resol-type phenol, 
rosin-modified phenol or alkyl-modif ied phenol, a water-added rosin or a rosin resin such as, for example, polyethylene 
glycol ester, polyfunctional alcohol ester or rosin glycerin ester may be employed. 

For a solvent, one or a mixture of water, alcohol, ketone, ester, ether, a solvent of aromatic hydrocartx)n and a 
solvent of fatty hydrocarbon may be employed. 
45 An electrolyte used as a electroconductivity imparting agent may be LiNOs, LiCl, KCI, NaCI or KNO3. 

For a stabilizer, one or a mixture of alkyi phthalate (for example, dioctyl phtinalate or dibutyi phthalate), aryl phtiialate, 
glycol (ethylene glycol, propylene glycol, polyethylene glycol or polypropylene glycol) and glycol ester may be employed. 

A defoaming agent used may be a silicone type, a silica-silicone type, a metallic soap, an amide type, or a polyether 
type. 

50 One or more dyes may also be employed. Examples of tiie dyes include Direct Black GW, Capamine Black ESA, 

Rodamine B. Rodamine 7G, methylene blue. Direct Fast Orange, Complantine Green G, Milling Yellow O and Katione 
Pink FG- 
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A specific composition of the inking medium for use with an ink jet printer will now be illustrated. 



Corrplex salt of cinnamic acid with neodymium and ytterbium (0.2 in average particle size) 


80 parts by weight 


Phthalocyanine blue 


1 part by weight 




Of) nprt^ hv wpinht 


Polyethylene glycol 


1 part by weight 


Dioctyl phthalate 


0.5 part by weight 


KCI 


0,5 part by weight 


Defoaming agent 


0-4 part by weight 


Water 


100 parts by weight 


Ethanol 


20 parts by weight 



20 The composition was mixed and dispersed in a sand mill for one hour to provide the fluorescent inking medium for 

use with the ink jet printer which was subsequently used in the Inkjet printer to accomplish a printing of characters on 
a paper. 

Observation on the printed characters has indicated that no ink run occurred and that the characters were printed 
precisely in a blue color 

25 To detect the printed characters optically, 1 00 identical reading tests were carried out at a reading speed of 4 m/sec 
by irradiating the printed characters by the exciting light having a maximum intensity in the vicinity of a wavelength of 
970 nm to emit fluorescent light which was then received by a silicon photodiode detector. As a result, the information 
was assuredly read out each time the reading test was conducted. 

It is to be noted that in the above described composition of the inking medium, the amount of any one of phthalo- 

30 cyanine blue, polyethylene glycol, dioctyl phthalate, water and ethanol added may be either increased or decreased if 
desired and that the use of one or more of them may be dispensed with if desired. 

As listed in the above table of composition of the inking mediuni, if where water is employed for the solvent an easily 
volatilizeable organic liquid such as, for example, alcohol having a conrpatibility with water is employed in combination 
with water, the resultant fluorescent composition is quick to dry and is, therefore, effectively utilized when such fluorescent 

35 composition is to be printed on, for example, papers and, in particular, where a relatively large amount of the solvent is 
employed such as that used with the ink jet printer. 

In the above described composition of the inking medium, using different inking mediums of a substantially identical 
composition, but in which the quantity of cation-type acrylic resin added was varied to provide a differing viscosity, the 
relationship among the viscosity of each inking medium, the degree of variability of the size of droplets of the respective 

40 inking medium and the relative emission output of the fluorescent ink deposit formed by the use of the respective inking 
medium was examined, a result of which is shown in Fig. 5. 

As can readily be understood from Fig. 5, when the viscosity of the inking medium for use with the ink jet printer is 
within the range of 2 to 25 cps and preferably within the range of 10 to 20 cps. the degree of variability of the ink droplet 
size is smaller than 10% indicating that the ink droplets of a substantially uniform size could be obtained sufficient to 

45 result in an excellent printability and, also, a sufficient emission output could be obtained. 

In the above described composition of the inking medium, using different inking mediums of a substantially identical 
composition, but in which the quantity of ethanol added was varied to provide a differing surface tension, the relationship 
between the surface tension of each inking medium and the degree of variability of the size of droplets of the respective 
inking medium was examined, a result of which is shown in Fig. 6. 

£0 As can readily be understood from Fig. 6, when the surface tension of the inking medium for use with the ink jet 

printer is within the range of 23 to 4-dyne/cm and preferably within the range of 26 to 37 dyne/cm, the degree of variability 
of the size of the ink droplets is small and the ink droplets of a uniform size required by the ink jet printer could be 
obtained accompanied by an excellent printability. 

In the above described composition of the inking medium, using different inking mediums of a substantially identical 

55 composition, but in which the quantity of the electrolyte (KCI) added was varied to provide a differing specific resistance, 
the relationship between the specific resistance of each inking medium and the degree of variability of the size of droplets 
of the respective inking medium was examined, a result of which is shown in Rg. 7. 

As can readily be understood from Fig. 7, when the specific resistance of the inking medium for use with the Inkjet 
printer is equal to or lower than 2,000 Orcm and preferably equal to or lower than 1 ,500 Qrcm, the degree of variability 
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of the size of the ink droplets is small and the ink droplets of a uniform size required by the ink jet printer could be 
obtained accompanied by an excellent printabilrty. It is. however, to be noted that if the specific resistance of the inking 
medium for use with the ink jet printer exceeds 2,000 Q*cm, arxi if the ink jet printer Is particularly of a charged deflection 
printing system, control of deflection of the ink droplets will become difficult to accomplish, resulting in a reduction in 

5 print quality with flaws and/or skews appearing in the printed characters. 

In the above described connposition of the inking medium, using different inking mediums of a substantially identical 
composition, but in which KOH was added in addition to KCL and the quantity of KOH added was varied to provide a 
differing pH value, the relationship between the pH value and the dispersion stability of the respective inking medium 
was examined, a result of which is shown in Fig. 8. It is to be noted that the dispersion stability is expressed in terms of 

10 the percentage of a supernatant liquid relative to the total amount of the respective inking medium, which supernatant 
liquid was obtained after the respective inking medium had been allowed to stand for one week. 

As can readily be understood from Fig. 8, when the pH value of the inking medium is within the range of 4.5 to 10 
and preferably within the range of 5 to 7, tx)th the dispersibility and the dispersion stability of the inking medium are 
extremely satisfactory. It is, however, to be noted that if the pH value of the inking medium for use with the ink jet printer 

15 is smaller than 4.5 or greater than 1 0, the dyes used in the inking medium tend to coagulate. 

Thus, when the inking medium of the present invention for use with an ink jet printer is prepared to a viscosity within 
the range of 2 to 25 cps, a surface tension within the range of 23 to 40 dyne/cm, a specific resistance not higher than 
2,000 Qrcm and a pH value within the range of 4.5 to 10, the inking medium excellent in dispersion stabilrty, substantially 
free from ink run, excellent in printability and high in emission output can be obtained. 
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Fluorescent Composition 2 



The fluorescent suljstance of the present invention comprises a salt of oxyacid containing one or more elements 
selected from the group consisting of Nd. Yb and Er, While specific examples of this salt of oxyacid include vanadate, 
25 phosphate, borate, molybdate and tungstate, the use of the phosphate compound is recommended because of its excel- 
lent chemical resistance. 

More specifically, this fluorescent substance comprises phosphate having one of the following general chemical 
formulas: 

30 LnxAi.xP04 (1) 

wherein Ln represents at least one element selected from the group consisting of Nd, Yb and Er. A represents at least 
one element selected from the group consisting of Y. La, Gd, Bi, Ce, Lu, In and Tb, and X represents a value within the 
range of 0.01 to 0.99. 



DEi.xLnxPvOz (2) 



wherein D represents at least one element selected from the group consisting of Li. Na, K, Rb and Cs, E represents at 
least one. element selected from the group consisting of Y, La. Gd. Bi, Ce, Lu, In and Tb. Ln represents at least one 

40 element selected from the group consisting of Nd, Yb and Er, X represents a value within the range of 0.01 to 0.99, Y 
represents a value within the range of 1 to 5, and Z represents a value within the range of 4 to 14. tt is, however, to be 
noted that the element D in the general chemical formula (2) may not necessarily be employed. 

Specific examples of charge stocks used to prepare the fluorescent substances are shown in Figs. 9 and 10 wherein 
Samples 1 to 14 pertains to the present invention while Sample 15 pertains to a comparison, and the calcinating tem- 

45 perature at which each composition shown in Figs. 9 and 1 0 was calcinated and the composition of each of the resultant 
infrared-excitable fluorescent substances are shown in Figs. 11 and 12 together with their particle size. 

The charge stocks for each of Samples 1 to 15 shown in Figs. 9 and 10 were, after having been calcinated at the 
temperature specified in Figs. 1 1 and 12 for each Sample, treated with a hot water and 1 mole of nitric acid to remove 
non-reacted materials to thereby provide the respective infrared-excitable fluorescent substance. 

50 As Figs, 1 1 and 12 make it clear, the fluorescent substances obtained according to the embodiment of the present 

invention have a particle size of not greater than 4 pivn which is smaller than the particle size (6 jxm) of the fluorescent 
substance according to the comparison. In particular, some of the fluorescent substances according to the embodiment 
of the present invention has a particle size not greater than 1 ^im and which is smaller than the wavelength of the 
maximum intensity of the exciting light and that of the maximum intensity of the fluorescent light. 

55 Observation of the fluorescent particles with the use of a scanning electron microscope has indicated that the shape 
and size of the fluorescent particles were substantially uniform, representing no adcular shape, but a shape similar to 
stones on a river-shore. 

Emission spectra of Samples 1 and 7 according to the embodiment of the present invention and of Sample 15 
according to the comparison are shown in Figs. 13, 14 and 14, r^pectively. As shown in Fig. 13, Sample 1 having an 
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average particle size of 0.6 has exhibited the wavelength of the fluorescent light which is 0.98 \im (980 nm) in 
response to the wavelength of 0.81 jxm (810 nm) of the exciting light. Thus, the average particle size of Sample 1 is 
extremely smaller than the wavelength of both of the exciting light and the fluorescent light. Similarly, Fig. 14 makes it 
clear that the average particle size of Sample 7, which is 1.0 jim. is extremely smaller than the wavelength of both of 
5 the exciting light and the fluorescent light emitted thereby. 

Other constituents of the fluorescent composition, such as, for example, binder and solvent, than that shown may 
be Identical with those previously discussed in connection with the Fluorescent Composition 1 , and therefore they are 
not reiterated for the sake of brevity. 

10 Fluorescent Composition 3 

The fluorescent substance containing Fe and Er, both as an optical active element, and atleast one element selected 
from the group consisting of Sc, Ga, Al, In, Y, Bi, Ce, Gd, Lu and La is used. 

More specifically, this fluorescent substance is an infrared-excitable fluorescent substance having one of the follow- 
75 ing general chemical formulas: 

G3J5O12 (3) 
GJO3 (4) 

20 

G2J4O12 (5) 

wherein G represents Er and at least one element selected from the group consisting of Y, Bi, Ce, Gd, Lu and La and 
J represents Fe and at least one element selected from the group consisting of Sc. Ga, Al and In. 
25 The respective fluorescent substance having one of the above general chemical formulas is in practice employed 

alone or in the form of a mixture. 

Specific examples of the infrared-excitable fluorescent substance include those expressed by the following chemical 
formulas: 

20 a. Er0 2Y2.8Fe1.5AI3.5O12 

b. Ero.5Y2.5Fe1 sGaa 5O12 

c. Ero 2Lu2.8Fe2.5AI3 5O12 

35 

d. Ero.05Lao.95Feo.3AIo.7O3 

e. Ero.oaLao.gsFeo.iGao.aOs 

40 A method of preparing these fluorescent substances will now be described. 

After charge stocks of a quantity shown in terms of gram in Fig. 16 had been sufficiently mixed in a mortar, the 

charge stocks were calcinated at the respective temperature specified in Fig. 16 and then treated with a hot water and 

2 moles of nitric acid to remove non-reacted materials to thereby provide the respective infrared-excitable fluorescent 

substances which are identified by Samples 1 6 to 20 in Fig. 1 6. 
45 An emission spectrum of Sample 1 6, that is. {ErY)3(FeAI)50i2, is shown in Fig. 1 7. A spectral sensitivity characteristic 

of a Ge photodiode is shown in Fig. 1 8 and a spectral sensitivity characteristic of an InGaAs photodiode is shown in Fig. 

19. 

Since while as shown in Fig. 1 7 the emission spectrum of the fluorescent substance containing Er exhibits a peak 
value at about 1 ,540 nm, the Ge photodiode and the InGaAs photodiode have a high sensitivity at a wavelength within 
so the range of 1 ,400 to 1 ,600 as shown in Figs, 1 8 and 1 9. respectively, these photodiode can be advantageously employed 
as a light receiving element for the purpose of the present invention and the use thereof is specifically advantageous in 
that a fine fluorescent mark such as a pattern of code bars can be accurately and assuredly read out even though a 
high reading speed is employed. 

It is. however, to be noted that other than those photodiodes discussed above, any one of a PbS photodiode (sensitive 
55 to light of about 600 to 1.800 nm) and a PbSe photodiode (sensitive to light of 1,000 to 4.500 nm) may be equally 
employed. 

The absorption and emission spectrum characteristics discussed above can be equally exhibited even with the other 
infrared-excitabie fluorescent substances containing Fe or Er. 
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Fluorescent Composition 4 

The fluorescent substance containing Yb as an optical active element. arKJ at least one element selected from the 
group consisting of Sc, Ga, Al, In, Y, Bi, Ce, Gd. Lu and La is used. 
5 More specifically, this fluorescent substance is an infrared-excitable fluorescent substance having one of the follow- 

ing general chemical formulas: 

L^M50i2 (6) 

10 LMO3 (7) 

L2M4O12 (8) 

wherein L represents Yb and at least one element selected from the group consisting of Y, Bi, Ce, Gd, Lu and La and 
15 M represents Fe and at least one element selected from the group consisting of Sc, Ga, Al and In, 

The respective fluorescent substance having one of the above general chemical formulas is in practice employed 
alone or in the form of a mixture. 

Specific examples of the infrared- excitable fluorescent substance include those expressed by the following chemical 
formulas: 

20 

a. Ybo.3Y2.7Ai50-,2 (Sample 21 ) . 

b. Ybo.2Gd2.5Gao.5Al4.5O12 (Sample 22) 
25 a Ybo.4Y2 6Ga50i2 (Sannple 23) 

d. Ybo.-iLao.gsAIOs (Sample 24) 

e. Ybo.o5Lao.95<3ao iAIq 9O3 (Sample 25) 

30 

After charge stocks of a quantity shown in terms of gram in Fig. 20 had been sufficiently mixed in a mortar, the 
charge stocks were calcinated at the respective temperature specified and then treated with a hot water and 2 moles of 
nitric acid to remove non-reacted materials to thereby provide the respective infrared-excitable fluorescent substances 
which are identified by Samples 21 to 25 identified in Fig. 20. 

35 An absorption spectrum of Sample 21 , that is, Ybo.3Y2.7Al50i2i is shown in Fig. 21 . 

As this figure makes it clear, this fluorescent substance exhibits a peak absorption spectrum at a wavelength of 
about 91 0 to about 950 nm. Therefore, if irradiated by the exciting light of a wavelength within such range, such fluorescent 
substance emits a fluorescent light having a peak value of about 1 ,030 nm. 

Fig. 22 illustrates a change in intensity of the fluorescent light emitted by the fluorescent substance, YbxY-|_xAl50-j2, 

40 which took place when the molar ratio X of Yb contained in such fluorescent substance was varied. 

As Fig. 22 makes it clear, when the molar ratio of Yb in the fluorescent substance, YbxY-j.xAlsO-ia, exceeds 0.7, the 
emission intensity of the fluorescent light lowers. Therefore, it is clear that if the molar ratio X of Yb is chosen to be within 
the range of 0.05 to 0.7, preferably within the range of 0.1 to 0.5 and more preferably within the range of 0.2 to 0.45, the 
emission intensity of the fluorescent light is high. 

45 Observation of the particles of YbxY-|.xAl50i2 w'th the use of a scanning electron microscope has indicated that 

they have generally smooth surfaces with no substantial surface irregularity and of a generally uniform size, neither 
extremely big nor extremely small, and of a generally round shape similar to a shape of a fruit The fluorescent particles 
of a particle size within the range of 1 to 3 juim occupy 60 wt% or more (or about 80 wt%) of the fluorescent particles 
relative to the total weight tiiereof, and an average shape ratio (the ratio of the minor axis relative to the major axis) of 

50 the fluorescent particles is not greater than 2.0, most of them being round in shape with no acicular particle sufficient 
to exhibit a satisfactory dispersibility in the binder used. 

Fluorescent Composition 5 

55 The fluorescent substance comprising a rare earth element containing organic material containing at least one rare 
earth element selected from the group consisting of Nd, Yb or Er and carrying an organic material capable of absorbing 
infrared rays of light of 700 to 1 ,000 nm is used. 

The organic material referred to above may be one or more organic materials selected from the group consisting 
of polymethine, anthraquinone, dithiol metal, phthalocyanine, indophenol and azo dyes. 
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More specifically, the polymethine dyestuff referred to above includes, for example. "IR-125", "IR-140" (available 
from Kodak Laboratories Chemicals) or "IR-820B" (available from Nippon Kayaku Kabushikl Kaisha). The anthraquinone 
dyestuff referred to above includes, for example, "IB 750" (available from Nippon Kayaku Kabushiki Kaisha). The dithoile 
metal dyestuff referred to above includes, for example. "Tetrabutyl phosphonium-bis-(1.2-benzene chlolite) nicolayite 

5 (III)" available from Mitsui Toatsu Kabushiki Kaisha. The phthalocyanine dyestuff includes, for example. 2n-naphthalo- 
cyanine or the like. In addition of these dyestuff, indophenol and azo dyestuff may also be used. Of them the use of the 
products identified by "IR 125", "IR 140", "IR 750" or "IR 820B" are preferred because they exhibit an emission intensity 
which Is high for unitary weight thereof. 

The reason that when the organic material capable of absorbing the infrared rays of light Is carried on the rare earth 

10 element, the emission intensity during a high-speed reading can be increased to a value higher than that exhibited by 
the rare earth element alone appears to be as follows. 

Namely, during a process in which energies absorbed by the organic material capable of absorbing the infrared rays 
of light are returned to a ground state, the energies are transferred to the organic material containing at least one rare 
earth element selected from the group consisting of Nd, Yb and Er to thereby sensitize the fluorescing action of the rare 

15 earth element. 

The fluorescent substance that can carry the organic material having a sensitizing capability should contain at least 
one rare earth element selected from the group consisting of Nd, Yb and Er and would not pose any problem if it is 
added optionally with one or more other elements. 

The organic material containing the rare earth element selected from the group consisting of Nd, Yb and Er may 
20 be of any type provided that it forms a complex or salt with the rare earth element. Examples of them include organic 
carboxylic acids such as benzoic add, anise acid, toluic acid, cinnamic acid and lauric acid, p-diketones such as ben- 
zotrifluoroacetone and thenoyltrifluoroacetone and cyclic ethers such as 15-crown-5 and 18-crown-6. 

Of them, most of the organic materials to be carried have an aromatic ring or a heterocycle and. if the organic 
material of the organic material containing tone or more rare earth elements selected from the group consisting of Nd, 
25 Yb and Er is aromatic carboxylic acid, interaction between such organic material and the rare earth element or elements 
selected from the group consisting of Nd. Yb and Er will be strengthened to increase the capability to carry. 

Although a method of synthesizing the organic material containing the rare earth element may not be limited to a 
specific one, synthesis of the aromatic caitoxylic acid containing at least one rare earth element selected from the group 
consisting of Nd, Yb and Er can be accomplished by the use of the ion-exchange reaction in the aqueous solution such 
30 as reported by M.D. Taylor, supra, or the elimination reaction of Isopropoxide in a non-polarity solvent such as reported 
by RN. Kapoor, supra. 

The quantity of the organic material containing the rare earth element or elements selected from the group consisting 
of Nd, Yb and Er, that is contained in the organic material capable of absorbing the infrared rays of light may be of any 
desired value, but preferably within the range of 0.001 to 10 wt%. If the content of the organic material is smaller than 
35 the lowermost limit of 0.001 wt%, the absorption of the exciting light will be lowered to such an extent as to result in 
reduced emission of the fluorescent light from the organic material containing the rare earth element or elements. On 
the other hand, if the content of the organic material is greater than the uppermost limit of 10 wt%, the concentration of 
the organic material capable of absorbing the infrared rays of light will increase resulting in energy exchange between 
the organic materials and. consequently, the emission of the fluorescent light from the organic material containing the 
40 rare earth element or elements will be lowered. 

Where the infrared-excitable fluorescent substance can-ying this organic material is used as an inking medium, any 
type of commercially available binder may be employed, but the use of polyvinyl alcohol (PVA) or an acrylic resin is 
preferred for the binder because of the carrying capability of the organic material. 

If desired, a solvent may be employed. Examples of the solvent that can be used include water, alcohol, ketone, 
45 ester, ether, aromatic hydrocarbon and fatty hydrocarbon or a mixture thereof. 

Depending on the printing method in which the infrared-excitable fluorescent inking composition is used, one or 
more of a dispersant, a defoaming agent, a surface active agent, a humectant and a charge imparting agent may be 
employed. Also, if desired, any color conditioning dye and/or a fluorescent dye may be employed. 

Hereinafter, the fluorescent substance of the present invention will be illustrated by way of examples. 

so 

Example 1 

1 part by weight of complex salt of cinnamic acid with neodymium and ytterbium was suspended in 20 parts by 
weight of water and was then, while being stin-ed. added dropwise with a solution prepared by dissolving 0.005 part by 
55 weight of anthraquinone dyestuff ("IR 750" available from Nippon Kayaku Kabushiki Kaisha. Absorption peak at 750 nm) 
into 1 part by weight of DMR After one hour stirring, the mixture was filtered and dried to obtain the infrared-excitable 
fluorescent substance. 
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Example 2 

1 part by weight of complex sart of cinnamic acid with needy mium and ytterbium was suspended in 20 parts by 
weight of water and was then, while being stirred, added dropwise with a solution prepared by dissolving 0.003 part by 
5 weight of polymethlne dyestuff ("IR-820B" available from Nippon Kayaku Kabushiki Kaisha. Absorption peak at 820 nm) 
into 1 part by weight of DMF. After one hour stirring, the mixture was filtered and dried to obtain the infrared-excitable 
fluorescent substance/ 

Example 3 

10 

1 part by weight of ytterbium benzoate was suspended in 20 parts by weight of water and was then, while being 
stined, added dropwise with a solution prepared by dissolving 0.003 part by weight of polymethine dyestuff ("IR-820B" 
available from Nippon Kayaku Kabushiki Kaisha. Absorption peak at 820 nm) into 1 part by weight of DMF After one 
hour stirring, the mixture was filtered and dried to obtain the infrared-excitable fluorescent substance. 

15 

Comparison 1 

The infrared-excitable fluorescent substance was prepared by pulverizing LiNdo sYbo 5P4O12 with the use of a bail 

mill. 

20 

Comparison 2 

The infrared-excitable fluorescent substance was obtained in a manner similar to Example 1 , except that the 
anthraquinone dye ("IR 750) used in Example 1 was not employed. 

25 

(High Speed Reading Test) 

Each of the infrared-excitable fluorescent substances obtained under Examples 1 to 3 and Comparisons 1 and 2 
was molded into a respective disc test-piece of 5 mm in diameter and 2 mm in thickness. A high speed reading test was 

30 can-ied out by scanning the teslpiece at a speed of 8 m/sec. irradiating the testpiece by means of a commercially available 
GaAIAs light emitting diode and detecting the fluorescent light by means of a Si-PIN photodetector capable of detecting 
light of 970 nm. The exciting light emitted from the GaAIAs light emitting diode was of a wavelength varying depending 
on the exciting wavelength of the organic material (the wavelength of the exciting light required for the organic material 
to emit fluorescent light) so far as the respective fluorescent substances of Examples 1 to 3 are concerned. An optical 

35 filter ("IR-94" available from Fuji Photo Rim Co., Ltd.) was placed in front of the photodetector The result of the high 
speed reading test conducted on each of those fluorescent substances is shown in Table 1 below. 



Table 1 





Exciting Wavelength (nm) 


Relative Intensity (%) 


Example 1 


760 


700 


Example 2 


800 


650 


Example 3 


760 


800 


Comp. 1 


800 


Failed 


Comp. 2 


800 


100 



50 Using the specific fluorescent substance and the specific binder, a fluorescent inking medium was prepared in the 

following manner 
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Example 4 

complex salt of cinnamic acid with neodymium and ytterbium 1 parts by weight 

5 



Anthraquinone dyestuff (IR 750) 


0.005 part by weight 


PVA 


4 parts by weight 


Water/EtOH (8/2) 


20 parts by weight 



This composition was dispersed for 24 hours in a ball mill to provide the inking medium which was subsequently 
loaded in an ink jet printer to for a fluorescent mark. 

15 

Comparison 3 

A fluorescent mark was formed in a manner similar to Example 4, except that the complex salt of cinnamic acid with 
neodymium and ytterbium used in Example 4 was not used. 

20 

Comparison 4 

A fluorescent mark was formed in a manner similar to Example 4, except that the anthraquinone dyestuff (IR 750) 
used in Example 4 was not used. However, in Table 2 below, the fluorescent mark irradiated by the exciting wavelength 
25 of 760 nm and the fluorescent mark irradiated by the exciting wavelength of 800 nm are identified by (a) and (b), respec- 
tively. 

Example 5 

30 





Ytterbium cinnamate 


1 parts by weight 


35 


Polymethine dyestuff (IR 820) 


0.003 part by weight 




PVA 


4 parts by weight 




Water/EtOH (8/2) 


20 parts by weight 



40 

This composition was dispersed for 24 hours in a ball mill to provide the inking medium which was subsequently 
loaded in an ink jet printer to for a fluorescent mark. 

Comparison 5 

45 

A fluorescent mark was formed in a manner similar to Example 5, except that the polymethine dyestuff (IR 820) 
used in Example 5 was not used. 

Comparison 6 

so 

A fluorescent mark was formed in a manner similar to Example 5, except that the ytterbium cinnamate used in 
Example 5 was not used. 
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Example 6 



Ytterbium benzoate 


1 parts by weight 


Polymethine dyestuff (IR 820) 


0.005 part by weight 


PVA 


4 parts by weight 


Water/EtOH (8/2) 


20 parts by weight 



This composition was dispersed for 24 hours in a ball mill to provide the inking medium which was subsequently 
15 loaded in an ink jet prirrter to for a fluorescent mark. 

Comparison 7 

A fluorescent mark was formed in a manner similar to Example 6, except that the polymethine dyestuff (IR 820) 
20 used in Example 6 was not used. 

Comparison 8 

A fluorescent mark was formed in a manner similar to Example 6, except that the ytterbium benzoate used in Example 
25 6 was not used. 

(High Speed Reading Test) 

Printed matter prepared by the use of each of the infrared-excitable fluorescent substances obtained under Exam- 
30 pies 4 to 6 and Comparisons 3 to 7 was subjected to a high speed reading test. This high speed reading test was carried 
out by scanning the testpiece at a speed of 8 m/sec, irradiating the testpiece by means of a commercially available 
GaAIAs light emitting diode and detecting the fluorescent light by means of a Si-PIN photodetector capable of detecting 
light of 970 nm. The exciting light emitted from the GaAIAs light emitting diode was of a wavelength varying depending 
on the exciting wavelength of the organic material so far as the printed matters under Examples 4 to 6 and Comparisons 
35 3, 6 and 8 are concerned. An optical filter ("IR-94" available from Fuji Photo Film Co.. Ltd.) was placed in front of the 
photodetector. The result of the high speed reading test conducted on each of those printed matters is shown in Table 
1 below. 



Table 2 



40 




Exciting Wavelength (nm) 


Relative Intensity (%) 




Example 4 


760 


100 




Example 5 


800 


100 


45 


Example 6 


800 


120 




Comp. 3 


760 


30 




Comp. 4 (a) 


760 


Failed 




Comp. 4 (a) 


800 


40 


50 


Comp. 5 


800 


20 




Comp. 6 


800 


10 




Comp. 7 


800 


10 


55 


Comp. 8 


800 


40 



As Tables 1 and 2 make it clear, the fluorescent substance obtained under each of Examples 1 to 3 results in a 
sufficient emission output during the high speed reading as compared with that under each of Comparisons 1 and 2. 
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Also, the fluorescent substance obtained under each of Examples 1 to 3 can be excited to emit a fluorescent light in 
response to a varying exciting wavelength. 

The Inking medium obtained under each of Examples 4 to 6 is suited for use with the ink jet printer. 

5 Fluorescent Composition 6 

The water-resistance of the fluorescent substance was increased by employing, as a matrix material, a salt prepared 
from at least one of Nd and Yb as an optical active element, an oxide of at least one of Mo and W and an alkaline earth 
metal. 

10 Preferably, the atomic ratio s of the optical active element relative to the oxide of at least one of Mo and W is greater 
than 0, but equal to or smaller than 2, and the atomic ratio t of the alkaline earth metal relative to such oxide is greater 
than 0, but equal to or smaller than 3. 

More specifically, the fluorescent substance having an increased water resistance is a compound of the following 
general formula (9): 

75 

(Ndi.xYbx)Yaz{R04) (9) 

wherein Q. represents at least one element selected from the group consisting of Ca, Mg, Sr and Ba, R represents at 
least one element selected from the group consisting of Mo and W, X represents a value within the range of 0 to 1, Y 
20 represents a value greater than 0, but smaller than 1 . and Z represents a value greater than 0, but smaller than 1 . 
Alternatively, the fluorescent substance is a compound of the following general formula (10); 

(Ndvx'<bx)2YQ8-3Y(R04)8 (1 0) 

25 wherein Q represents at least one element selected from the group consisting of Ca. Mg. Sr and Ba, R represents at 
least one element selected from the group consisting of Mo and W. X represents a value within the range of 0 to 1 and 
Y represents a value greater than 0, but equal to or smaller than 8/3. 

It is to be noted that X and Y are preferred to be 0.02 ^ X ^ 0.6 and 1/3 ^ Y ^ 5/3. respectively If X is smaller than 
0.02. the concentration of Yb which is the emission center responsible for the emission will be lowered, and on the other 

30 hand, if X is greater than 0.6, the concentration of Nd which is a sensitizer for absorbing the exciting light will be lowered, 
both resulting in possible reduction in emission intensity. Also, if Y is smaller than 1/3. the concentration of Nd and Yb 
serving as an optical active element will be lowered, and on the other hand, if Y is greater than 5/3. the concentration 
of Nd and Yb will be increased to such an extent as to result in a concentration quenching, which in turn results in 
possible reduction in emission intensity. 

35 Although examples of the alkaline earth metal include Ca, Mg. Sr and Ba. the use of Ca is particularly preferred. 
The content of the alkaline earth metal is preferred to be equal to or lower than 10 atomic percent. Also, for R in the 
formulas, Mo is preferred. 

When this fluorescent substance is to be prepared, at least one optical active element of Nd or Yb, at least one 
oxide of Mo or W and the alkaline earth metal should be mixed together and then added to a flux material containing a 

40 salt expressed by T2R04'nH20 (wherein T represents at least one element selected from the group consisting of Li, Na 
and K, R represents at least one element selected from the group consisting of Mo and W, and n represents numerical 
value equal to or greater than 0), followed by calcination. After the calcination, the fluorescent particles can be rendered 
extremely fine by dissolving the calcinated product with the use of a solvent to remove the flux material. 

In the composition of the flux material, the use of Na and Mo for T and R is particularly prefen-ed. The mixing molar 

45 ratio of the flux material relative to the fluorescent material is preferably equal to or greater than 1 , but not greater than 
10. If this molar ratio is smaller than 1, the flux material will not exhibit a satisfactory effect and the particles of the 
infrared-excitable fluorescent substance can hardly be divided into microparticles. On the other hand, if the molar ratio 
exceeds 1 0, the preparation would require an increased amount of material cost and the use of a bulky crucible, resulting 
in increased cost of manufacture. 

50 The fluorescent substance so prepared is in the form of super microparticles of an average particle size not greater 
than 1 ^im and is suited for use in the practice of a printing technique such as an ink jet printer and an ink ribbon. 

This fluorescent substance is characterized in that the length of time required for the resultant fluorescent afterglow, 
subsequent to inten-uption of irradiation of the exciting light, to attain 10% of the emission output is within 500 ^sec. and 
is therefor suited for use in a fluorescent detecting system in which the fluorescent light emitted by the irradiation of the 

55 exciting light of a pulsating period of 1 msec is identified or the fluorescent light emitted is identified at a run speed of 
not lower than 0.5 nVsec. 

This fluorescent substance has an excellent water resistance as its water solubility exhibited when it is immersed 
in water for 20 hours is not higher than 2 wt%. 
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When an inking, medium prepared by dispersing this fluorescent substance in a transparent binder for dispersing 
and retaining the fluorescent particles is coated on a length of tape, a thermally transferable ink ribbon can be obtained. 
Alternatively, such inking medium can be used with an ink jet printer Since this fluorescent substance has an excellent 
water-resistance, it can be used as a paint. 
5 The binder referred to above may be wax, a copolymer of polyvinyl chloride and vinyl acetate, a copolymer of ethylene 

and vinyl acetate, polyester resin, polyurethane resin or polycartwnate resin. If desired, a suitable plastidzer and/or a 
surface active agent may be added suitably 

According to the result of experiments conducted by the inventors in which, where anions of the matrix material are. 
for example, Mo042~. comparison in water solubility was made between the conventional fluorescent substance in which 
10 the rare earth element is added to the matrix material, Na2Mo04. having cations in the form of Na* (an alkaline metal) 
and the fluorescent substance of the present invention in which the rare earth metal is added to the matrix material 
CaMo04, having cations in the form of Ca^ (an alkaline metal), the fluorescent substance of the present invention did 
not dissolve even though immersed in water tor 500 hours whereas the conventional fluorescent substance exhibited 
that about 10 wt% thereof dissolved when immersed in water for only 20 hours. Thus, the fluorescent substance of the 
15 present invention has a superior water resistance. 

Specific examples will now be described. 

(1) Preparation of Powdery Material 

20 1 0 kinds of fluorescent substances were prepared in a manner as set forth under the following examples and com- 

parisons and were tested to determine the shape of fluorescent particles, the average particle size thereof, the emission 
wavelength (the wavelength of the fluorescent light emitted in response to the exciting light), the length of time the 
afterglow persisted until the intensity of the fluorescent light attained 10% of the maximum intensity thereof, and the 
yield (expressed in terms of percent) based on the weight of the fluorescent substance which was measured after 100 

25 parts by weight of the fluorescent substance was immersed in water for 500 hours and then dried. Results of comparison 
are shown in Table 3. 

Example 7 

30 0,9 mole of Nd203. 1 mole of Yb203, 5 moles of CaCOa and 8 moles of M0O3 were sufficiently mixed and pulverized 
to give a powdery mixture which was subsequently filled in a aucible. This crucible containing the powdery mixture was 
heated in an electric furnace to 750**C at a rate of about 1 80**C/hr to calcinate the powdery mixture at 750^*0 for 2 hours. 
After the calcination, the powdery mixture was cooled and pulverized in a mortar to provide the fluorescent substance 
which is Ndi .8'^0.2C^5(MoO4)8. 

35 

Example 8 

0.9 mole of Nd203. 0.1 mole of Yb203. 21 moles of CaC03 and 24 moles of M0O3 were sufficiently mixed and 
pulverized to give a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery 
40 mixture was heated in an electric furnace to 750°C at a rate of about 1 80°C/hr to calcinate the powdery mixture at ysO'^C 
for 2 hours. After the calcination, the powdery mixture was cooled and pulverized in a mortar to provide the fluorescent 
substance which is Ndi 3 Ybo. 2^321(1^004)24- 

Example 9 

45 

4.5 moles of Nd203. 0.5 mole of Yb203, 9 moles of CaCOs and 24 moles of M0O3 were sufficiently mixed and 
pulverized to give a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery 
mixture was heated in an electric furnace to 750**C at a rate of about 180''C/hr to calcinate the powdery mixture at TSO'^C 
for 2 hours. After the calcination, the powdery mixture was cooled and pulverized in a mortar to provide the fluorescent 
50 substance which is Nd9YbCa9(Mo04)24- 

Example 10 

4.5 moles of Nd203. 0.5 mole of Yb203. 9 mdes of CaC03 and 24 moles of WO3 were sufficiently mixed and 
55 pulverized to give a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery 
mixture was heated in an electric furnace to 1 .OOO^C at a rate of about 250**C/hr to calcinate the powdery mixture at 
1,000*C for 2 hours. After the calcination, the powdery mixture was cooled and pulverized in a mortar to provide the 
fluorescent substance which is Nd9YbCa9(W04)24. 
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Example 11 

1 mole of NdaOa, 21 moles of CaCOa and 24 moles of M0O3 were sufficiently mixed and pulverized to give a powdery 
mixture which was subsequently filled in a crucible. This crucible containing the powdery mixture was heated in an 
5 electric furnace to 750°C at a rate of about ISCC/hr to calcinate the powdery mixture at ysCC for 2 hours. After the 
calcination, the powdery mixture was cooled and pulverized in a mortar to provide the fluorescent substance which is 
Nd2Ca2i(Mo04)24- ' 

Example 12 

10 

0.9 mole of Nd203. 0.1 mole of Yb203, 5 moles of CaCOa and 8 moles of M0O3 were mixed, in a molar mixing ratio 
of 1 :8, with a powdery flux material which is Na2Mo04-2H20. The mixture was sufficiently mixed and pulverized to give 
a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery mixture was heated 
in an electric furnace to 750°C at a rate of about 180*'C/hr to calcinate the powdery mixture at 750**C for 2 hours. After 
15 the calcination, the calcinated powdery mixture was cooled and ultrasonically flushed in pure water for 1 hour to remove 
the flux material, followed by drying at 120**C for 2 hours to thereby provide the fluorescent substance which is 
Ndi.8Ybo.2Ca5(Mo04)8- 

An emission spectrum of this fluorescent substance is shown in Fig. 23, the waveform of a response of this fluores- 
cent substance to the pulse-like exerting light is shown in Rg. 24, arxJ a microscopic observation of the particle structure 
20 of this fluorescent substance is shown in Fig. 25. 

Example 13 

0.9 mole of Nd203, 0.1 mole of Yb2Q3, 5 moles of CaCOa and 8 moles of M0O3 were mixed, in a molar mixing ratio 
25 of 1 :6, with a powdery flux material which is Na2W04"2H20. The mixture was sufficiently mixed and pulverized to give 
a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery mixture was heated 
in an electric furnace to 750**C at a rate of about 1 80°C/hr to calcinate the powdery mixture at 750'*C for 2 hours. After 
the calcination, the calcinated powdery mixture was cooled and ultrasonically flushed in pure water for 1 hour to remove 
the flux material, followed by drying at 120**C for 2 hours to thereby provide the fluorescent substance which is 
30 Ndi 8Ybo.2Ca5(Mo04)8- 

Example 14 

0.9 mole of Nd203, 0. 1 mole of Yb203, 5 moles of CaCOa and 8 moles of M0O3 were mixed, in a molar mixing ratio 
35 of 1 :6, with a powdery flux material which is K2WO4. The mixture was sufficiently mixed and pulverized to give a powdery 
mixture which was subsequently filled in a crucible. This crucible containing the powdery mixture was heated in an 
electric furnace to 750''C at a rate of about ISCC/hr to calcinate the powdery mixture at 750°C for 2 hours. After the 
calcination, the calcinated powdery mixture was cooled and ultrasonically flushed in pure water for 1 hour to remove the 
flux material, followed by drying at 120°C for 2 hours to thereby provide the fluorescent substance which is 
40 Nd-i 8Ybo.2Ca5(Mo04)8- 

Comparison 9 

0.9 mole of Nd203, 0. 1 mole of Yb203, 5 moles of N2aC03 and 8 moles of M0O3 were mixed and sufficiently mixed 
45 and pulverized to give a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery 
mixture was heated in an electric furnace to 650**C at a rate of about 1 60**C/hr to calcinate the powdery mixture at esO^'C 
for 2 hours. After the calcination, the calcinated powdery mixture was cooled and pulverized in a mortar to provide the 
fluorescent substance which is Ndp sYbo iNa5(Mo04)4- 

so Comparison 1 0 

0.2 mole of Nd203, 0.2 mole of Yb203. 0.6 mole of Y2O3 and 1 2 moles of LiH2P04 were mixed and sufficiently mixed 
and pulverized to give a powdery mixture which was subsequently filled in a crucible. This crucible containing the powdery 
mixture was heated in an electric furnace for 2 hours at 700*C. After the calcination, the calcinated powdery mixture 
55 was pickled in the presence of 1 N of HNO3 and subsequently washed with pure water to provide, after drying, the 
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fluorescent substance which is NdxYbYY^.x.YP04- 

Tables 



5 




Particle Shape of Fluo- 
rescent Substance 


Ave. Part. Si2e(|im) 


Emission Wave- 
length (nm) 


Persisting 
Time (^sec) 


Yield (%) 




Example 7 


Powdery, aggregate 


3 


980 


370 


98 






ruwuery, agyrcgaie 


o 


you 


OUU 


yy 


70 


Example 9 


Powdery, aggregate 


1 


980 


240 


97 


Example 10 


Powdery, aggregate 


4 


980 


340 


97 




Example 1 1 


Powdery, aggregate 


3 


890 & 1.060 


140 


99 


15 


Example 12 


Non-aggregated gran- 
ules 


0.7 


980 


310 


99 




Example 13 


Non-aggregated gran- 
ules 


0.8 


980 


360 


99 


20 


Example 14 


Non-aggregated gran- 
ules 


0.7 


980 


360 


98 




Comp. 9 


Non-aggregated, 
polygonal 


10 


980 


650 


86 


25 


Comp. 10 


Non-aggregated, 
polygonal 


1 


980 


1.500 


98 



As Table 3 makes it clear, while the conventional fluorescent substances has exhibited a low response and is there- 
fore not suited for excitation by the pulse-like exciting light having a short pulse duration and also for a high speed reading 

30 by means of a high speed scanner, the fluorescent substance cf the pre^s^nt invention has exhibited a high response 
and is therefore suited for excitation by the pulse-like e^^caing ligir^ having e/en a short pulse duration and also for a high 
speed reading by means of a high speed scanner. Moieov^r. the fluorescent substance of the present invention has a 
high durability and, in particular. Examples 12 to 14 are effective to provide the fluorescent particles of a particle size 
not greater than 1 ^im that is suited for various printing purposes. 

35 Change of the yield of the fluorescent substance under each of Example 12 and Comparison 9, obtained when the 
latter was immersed in pure water, with passage of time is shown in Fig. 26. The yield shown therein is expressed in 
terms of percent by weight of the amount of the fluorescent substance recovered after having been dried relative to 1 00 
parts by weight of the fluorescent substance immersed in water for a predeterniined length of time. 

As can readily be understood from Fig. 26, it has been found that while according to Comparison 9, 10 or more % 

40 by weight of the fluorescent substance has eluted, the fluorescent sut)Stance under Example 12 has not been eluted 
substantially, exhibiting a superior water-resistance. 

A fluorescent inking medium was pr^ared by dispersing 75 parts by weigfit of the fluorescent substance according 
to Example 12 into a transparent binder which is a mixture of 15 parts by weight of wax, 5 parts by weight of polyester 
and 5 parts by weight of polyurethane. The fluorescent inking medium so obtained was applied to a length of polyethylene 

45 terephthalate tape, 50 .urn in thickness and 1 cm in width, to provide a thermal transfer ink ribbon having a dry d^osit, 
5 um in thickness, of the inking medium over the length thereof. 

Using the resultant ink ribbon a bar code indicative of a ten-digit number was printed on a carrier which was sub- 
sequently transported at a speed of 0.9 m/sec in a fluorescent afterglow recognizing system while irradiated by a pulsating 
infrared beam of 810 nm in wavelength having a period of 0.8 msec to excite the bar code. Information represented by 

50 the ten-digit number printed in the form of the bar code on the carrier could be accurately read out 

2. [Method of Printing Ruorescent Composition and Fluorescent Mark Carrier] 

For printing the various fluorescent compositions of the present invention discussed hereinbefore, an ink jet recording 
55 system is suited for a high speed printing. The following ink jet recording systems are known and any of them can be 
employed in the practice of the present invention: 

a) An electric field conb-ol system in which an electrostatic force of atti-action is used to expel the inking medium 
through a nozzle. 
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b) A drop-on-demand system (a pressure pulse system) in which a piezoelectric element is used to produce a 
pulsating pressure by which the inking medium is expelled through a nozzle. 

c) A bubble jet system in which the inking medium is heated to produce bubbles by which the inking medium is 
expelled through a nozzle upon burst of the bubbles. 

5 

Fig. 27 depicts the electric field control system for the purpose of illustration of the principle of ink jet recording. 
According to this electric field control system, an indicia such as a mark or character to be printed is divided into a dot 
matrix of pixels so that droplets of the inking medium can be charged a voltage proportional to the position Information 
represented by each pixel, the ink droplets being subsequently expelled towards a recording medium while having been 

10 deflected in an electric field through which they travelled. 

The principle of the electric field control system will now be described with reference to Fig. 27. The system includes 
an ink reservoir 1 accommodating a quantity of inking medium 2. The inking medium 2 within the reservoir 1 is pressurized 
by a supply pump 3 and is suteequently expelled through a nozzle 5 with its pressure adjusted by a pressure adjusting 
valve 4 to a predetermined value. The nozzle 5 has an electrostriction el ement 6 built therein, which element 6 is oscillated 

75 by a source of oscillation 7 at a predetermined frequency. Ink droplets are, as they pass through the nozzle 5, shaped 
to generally round ink droplets of a predetermined size in synchronism with the frequency of oscillation of the electros- 
triction element 6. 

A voltage proportional to an information signal to be recorded is applied to a charge electrode disponed at a location 
where the inking medium is transformed into the ink droplets, so that the annount of electric charge built upon the individual 
20 ink droplets can be controlled in synchronism with formation of the ink droplets. 

As the ink droplets successively travej through a gap between deflection electrodes 9 to which a predetermined 
voltage is applied, the ink droplets are deflected a distance determined by the amount of electric charge carried thereby 
before they are successively deposited onto a recording medium, that is. a mark carrier 10. In this way, a pattern of dots 
descriptive of a fluorescent marking of a size determined by the magnitude of deflection of the ink droplets and the 
25 relative velocity of travel of the ink droplets between the nozzle 5 and the carrier 10 is formed on a surface of the mark 
carrier 10 to thereby complete a fluorescent mark carrier 10. On the other hand, some of the ink droplets which are not 
used for printing are. without being deflected, collected by a gutter 1 1 and are then recovered into the ink reservoir 1 by 
means of a recovery pump 12. 

The carrier on which the fluorescent composition is deposited to complete the fluorescent mark carrier may be a 
30 security, a sales slip, an invoice, a card, a book, a surface of merchandise or any other member on which ink droplets 
can deposit. 

As a result of examination conducted on the content of the fluorescent particles in the fluorescent ink deposit (i.e.. 
the amount of the fluorescent particles relative to the total weight of the fluorescent ink deposit, it has been found that 
unless the content of the fluorescent particles is smaller than 1 wt% relative to the weight of the fluorescent ink deposit 

35 on the carrier, no intended emission intensity can be obtained. Although increase of the content of the fluorescent par- 
ticles result in a gradual increase of the emission intensity, the fluorescent particles would aggregate or overlap densely 
with the emission density no longer inaeasing if the content of the fluorescent particles exceeds 50 wt%. Specifically, 
if the content of the fluorescent particles exceeds 30 wt%, the fluorescent ink deposit on the carrier would become 
noticeable in sight and, particularly where the fluorescent particles made up of the inorganic compound of a relatively 

40 large particle size, the printability exhibited by the ink jet printer or a screen printing technique would be lowered. 

Accordingly, when the content of the fluorescent particles in the fluorescent deposit is controlled to greater than 1 
wt%, but smaller than 30 wt%, a desired emission density can be maintained without allowing the fluorescent ink deposit 
to be noticeable in sight and, therefore, the appearance of the fluorescent mark carrier will not be adversely affected, 
accompanied by a satisfactory printability. This content is particularly advantageous in the case where the fluorescent 

45 particles used have an average particle size not greater than 4 \xm and preferably not greater than 2 ^m discussed 
hereinbefore. 

As a result of studies conducted on the relationship between the thickness of the fluorescent ink deposit and the 
average particle size of the fluorescent particles used, it has been found that, if the thickness of the fluorescent ink 
deposit is controlled to a value smaller than 35 times, or preferably 25 times, the average size of the fluorescent particles, 
50 the presence of the fluorescent ink deposit forming a fluorescent mark on the carrier would neither substantially be felt 
to the touch nor become noticeable in sight and, for this reason, the appearance of the fluorescent mark canrier would 
not be adversely affected. Accordingly, in the practice of the present invention, it is preferred that if the average particle 
size of the fluorescent particles is 4 |im or 2 fim. the thickness of the fluorescent ink deposit should be not greater than 
1 40 ^im or 70 |im, respectively. 

55 As a result of studies conducted on the light transmission exhibited by the binder used to disperse and retain the 
fluorescent particles, it has been found that if the transmittance of the exciting and fluorescent light is higher than 80%. 
and preferably 90%, penetration of the exciting light into the fluorescent ink deposit and emission of the fluorescent light 
outwardly from the fluorescent ink deposit take place efficiently exhibiting a relatively high emission output sufficient to 
accomplish an assured detection of the fluorescent mark. 
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The inventors have conducted a series of studies on the surface condition of the fluorescent ink deposit. Comparison 
has been made between the emission output exhibited when a paint containing the fluorescent particles of the present 
invention was applied to a film of synthetic resin to form the fluorescent ink deposit and that when the same paint was 
applied to a paper to form the fluorescent ink deposit and, as a result of the comparison, it has been found that the paper 
5 having the fluorescent ink deposit thereon exhibited a relatively high emission output. 

While visual inspection of the surface condition of the fluorescent ink deposit formed on the film of synthetic resin 
has indicated that the surface of the fluorescent ink deposit was smooth, the fluorescent ink deposit formed on the paper 
has shown that the surface thereof contained minute surface inegularities. Because of the presence of the minute surface 
irregularities, the exciting light impinging upon the fluorescent ink deposit does not undergo a specular reflection and 
10 appeared to have participated in activation of the fluorescent substance and, therefore, a relatively high emission output 
would have been obtained- In particular, where the average particle size of the fluorescent particles is smaller tiian the 
fiber diameter of fibrous material forming the paper (for example, if tiie average particle size is about 0.2 |Lim), the effi- 
ciency of excitation of the fluorescent substance is high because the fluorescent particles deposit at a varying angle on 
surfaces of fibers intertwined randomly and irregularly. 
15 Where the fluorescent ink deposit is to be formed on an item to be delivered such as a postal matter or a parcel, or 
a card such as a pre-paid card or a commutation card as will be described later, it is recommended tiiat the resultant 
fluorescent deposit will not be noticeable in sight. In order for the fluorescent ink deposit to be unnoticeable in sight, one 
method to accomplish this i to restrict tine thickness of tiie fluorescent ink deposit, but restriction of the absorption of 
visible rays of light is also effective to accomplish this. 
20 The principal component of the fluorescent ink deposit is a mixture of the binder and the fluorescent particles and, 

therefore, if the binder and the fluorescent par^ides both having a low absorptivity with respect to the visible rays of light 
are used so that the absorptivity of the fluorescent ink deposit eventijally formed with respect to the visible rays of light 
may be restricted to a value lower than 20% and preferably lower tiian 10%, it has been found that tiie fluorescent ink 
deposit can be made substantially colorless and nearly ti-ansparent and, therefore, tiie appearance of the fluorescent 
25 mark carrier would not be adversely affected- 

With the fluorescent mark carrier according to an embodiment of the preserrt irrvention. the fluorescent ink deposits 
formed thereon will not be copied onto a ti-ansfer paper or will be copied onto a fansfer paper in a manner not noticeable 
in sight when an attempt is made to make a copy of it and. therefore, there is no possibility that tiie transfer paper would 
be stained by images of the fluorescent ink deposits on the fluorescent mark carrier. 
50 A specific example, in which the fluorescent mark containing the fluorescent composition is formed on a postal 
envelope or a postal card is shown in Fig. 28. 

As shown in Rg. 28, a postal matter 1 3 such as. for example, a postal envelope, a postal card or a postal tag attached 
to a parcel has a front surface on which not only is a postal stamp 14 attached, but also a zip code 15, an address 16 
and an addressee 17 are written down. In addition to those items present on the front surface of the postal matter 13, 
35 bar code information assodated with tine address is printed on a predetermined area by the Inkjet recording system to 
form the fluorescent ink deposits 18. Since the bar code information is represented by the fluorescent mark not visible 
under visible rays of light, the appearance of tine postal matter 13 will not be adversely affected. 

Another example of tiie postal matter 13 is shown in Fig. 29. In this example, tiie bar code associated with the 
address is printed on a label 19 in the form of the fluorescent mark, which label 19 is. when the addresser intends to 
40 post the postal matter 13, affixed to a predetermined area of tiie postal matter 1 3 before the latter is submitted to a post 
office. It is to be noted tiiat if tiie area to which the label 1 9 is to be affixed varies from one postal matter to another, 
information reading would be hampered and. therefore, the postal matter 13 has a blank box printed at that area so that 
the position where the label 1 9 is to be affixed can be specified. 

While reference has been made to the postal matter a similar description equally applies to any other matter desired 
45 to be delivered such as, for example, a parcel to be delivered by a courier or an in-house mail. 

Also, while the information such as the address, tiie addressee and so on has been shown as printed with the use 
of tiie fluorescent composition, other information such as the address of the sender, the addresser's name may also be 
printed. 

Rg. 30 illustrates a flowchart explanatory of the process of imparting and reading the bar code information to and 

so from tiie postal matter 13. 

Postal matters 13 collected at a post office are first put into a rectifying machine so that the postal matters 13 can 
be rectified so as to orient in a predetermined direction. Since some of tiie postal matters 13 have a label 19 affixed 
thereto and tiie otiiers do not have, the postal matters 13 are classified by a classifying machine into two groups, one 
induding the postal matters 13 having no label and tiie otfier induding tiie postal matters 13 with labels 19 affixed thereto. 

55 This classification can be accomplished by irradiating the predetermined area of each postal matter 13 where tiie label 
19 ought to be affixed. Should a fluorescent light from tiie predetermined area of some of the postal matters 13 be 
detected, it is clear that such some of the postal matters 13 have a label 19 affixed thereto, or othenwise the postal 
matters 1 3 would be deemed having no label 1 9. 
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The postal matters 1 3 having no label 1 9 affixed thereto are transferred to an optical character recognizing machine 
(OCR) 22 where the zip code 15 and the address 16 are optically read out. Based on the information read out by the 
OC R 22, the bar code information associated with the address is printed by an Inkjet printer ( IJ P) 23 on the predetermined 
area of each of the postal matters 13. 
5 Both of the postal matters 13 having no label 19 affixed thereto, but the bar code information printed thereon and 

the postal matters 1 3 having the labels 1 9 affixed thereto are subsequently transferred onto a bar code sorting machine 
24 by which the bar code information is optically read out so that the postal matters 13 can be subsequently sorted 
according to the bar code information. 

The bar code sorting machine 24 referred to atx)ve may generally comprise an optical reading apparatus for optically 
10 reading the bar code information and a sorting apparatus for sorting the postal matters 13 according to the bar code 
information read out by the optical reading apparatus. 

Numerous preferred embodiments of the optical reading apparatus according to the present invention will now be 
described individually 

75 Optical Readino Apparatus: Embodiment 1 

Fig. 31 illustrates a schematic structure of the optical reading apparatus 25. This optical reading apparatus 25 
broadly includes the reader optics and a reading circuit. 

The reader optics is comprised of a semiconductor laser drive circuit 26, a semiconductor laser 27, a lens 28, a 
20 specular reflecting mirror 29, plano-convex lenses 30 and 31 , a slit member 32, a filter 33 and a photodiode 34. 

Rays of exciting light 60 emitted from tl?e semiconductor laser 27 is converged by the lens 28 into a pencil of exciting 
light of about 1 mm in diameter. This pencil of exciting light subsequently passes through an aperture 35 of about 2 mm 
in diameter defined in a central portion of the specular reflecting mirror 29, as best shown in Rg. 32, before it is projected 
on to the postal matter 13, which is an example of the fluorescent mark carrier 10, through the lens 30 in a direction 
25 perpendicular to the plane of the postal matter 1 3. 

If the exciting light 60 is projected towards the min-or 29 without being converged, part of the exciting light 60 will 
be cut out by a peripheral lip region of the mirror 29 around the aperture 35 and, for this reason, the quantity of the 
exciting light (exciting energies) actually reaching the postal matter 13 is substantially reduced to such an extent as to 
reduce the emission output and, therefore, it is necessary to restrict the diameter of a bundle of the exciting light 60 to 
20 a value smaller than the diameter of the aperture 35. In the illustrated embodiment, in consideration of any possible 
error which would occur in installing the various component parts, the exciting light 60 is converged into the pencil of 
exciting light of 1 mm in diameter for the diameter of 2 mm of the aperture 35. 

The postal matter 1 3 is transported in a direction shown by the arrow at a speed of, for example, 4 m/sec and, during 
the transportation of the postal matter 1 3, the fluorescent ink deposits 1 8 in the form of bars are irradiated by the exciting 
35 light to emit a fluorescent light which then pass through the first plano-convex lens 30. The fluorescent light passing 
through the plano-convex lens 30 is subsequently reflected by the mirror 29 so as to pass through the second plano- 
convex lens 31 . The fluorescent light passing through the second plano-convex lens 31 is converged thereby and further 
passes through the slit member 32 and the filter 33 before it is sensed by the photodiode 34. 

The reader circuit referred to above includes a detecting circuit 36 having an amplifier and a filter circuit, a digitizer 
40 circuit 37, a decoder circuit 38, a serial interface 39 and a personal computer 40 for processing data. 

While it may be contemplated to use a semitransparent mirror in place of the perforated mirror 29. the use of the 
semitransparent mirror may have a problem in that only substantially half of the fluorescent light emitted will be reflected 
towards the photodiode 34 and, therefore, the photodiode 34 will issue an output which is of a value generally half that 
ought to be when the entire quantity of the fluorescent light is received. In the practice of the present invention, in order 
45 to increase the amount of light reflected and to make the bar code information on the postal matter 13 to be read out 
accurately and assuredly at a high speed, the use has been made of a highly reflective mirror 20 having the minute 
aperture 35 defined therein and also having a reflectance of higher than 50%. The perforated mirror 29 may be in the 
form of a specular mirror formed by vapor-depositing aluminum on a surface of a glass plate. 

The postal matters 13 may have a varying thickness and may often fluctuate in a direction parallel to the optical axis 
50 of a transport system. For this reason, the light having passed through the mirror 29 is allowed to impinge upon each 
postal matter 13 at a substantially right angle to the plane of each postal matter 13. By so doing, even though the 
thickness of the postal matter 1 3 varies and/or fluctuation occurs in a direction parallel to the optical axis of the transport 
system, the bar code information can be assuredly read out without being adversely affected thereby 

Fig. 33 illustrates a diagram used to explain the function of the slit member 32 and how it solves the problem. In the 
55 example shown in Fig. 33. the slit member 32 is shown to be disposed in front of the first plano-convex lens 30 and the 
fluorescent light 61 emitted from the fluorescent ink deposit 1 8 on the postal matter 13 (i.e., the fluorescent mark easier 
10) passes through the slit 32a defined in the slit member 32 and is then guided onto the first plano-convex lens 30. 

The slit member 32 is so designed and so positioned that, while as shown by the solid line in Fig. 33 the fluorescent 
light 61 emitted from the fluorescent ink deposit 1 8 when the tatter is aligned with the slit 32a is received having passed 
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through the slit 32a.. the fluorescent light 61 emitted from the fluorescent ink deposit 1 8 which has been moved past the 
position aligned with the slit 32a as a result of the continued transport of the postal matter 1 3 (i.e.. the fluorescent mark 
easier 10). as shown by the phantom line, can be cut off by the slit member 32. Since in this way only the fluorescent 
light 61 emitted from the fluorescent ink deposit 18 then aligned with the slit 32a is selected, the slit member 32 is 

5 disposed so adjacent to a tran^ort means 62 for the postal matters 13 (i.e.. the fluorescent mark carriers 1 0) as possible. 
It may occur that when the postal matter 13 teving a substantia! thickness is transported to a reading station, 
transport of the postal matter 13 may be halted with the front of the postal matter 13 abutted against the slit member 32 
and/or the slit member 32 may be damaged in contact therewith. 

For this reason, as shown in Fig. 31 . the slit member 32 is eliminated out of the path of transport of the postal matters 

10 1 3 and is placed between the second plano-convex lens 31 and the light receiving element 34. By so doing, a relatively 
large space can be secured between the transport means 62 and the first plano-convex lens 30 sufficient to allow the 
postal matter 13 of a substantial thickness to pass while the slit member 31 serves its intrinsic function. 

Rgs. 34 and 35 are schematic diagrams used to explain the relationship between the pattern of laser irradiation 
emitted from the semiconductor laser and the pattern of bar codes. As best shown in Fig. 34. the semiconductor chip 

15 41 is of a laminated structure including an AJ electrode 42, a p-type electrode 43. a p-type GaAs substrate 44, a current 
trapping layer 45 made of n-type GaAs, a clad layer 46 made of n-type Ga^xAlxAs. an active layer 47 made of p-type 
Ga-, .vAlyAs. a dad layer 48 made of n-type Gai -xAlxAs. a cap layer 49 made of n-type GaAs and an n-type electrode 50. 

The semiconductor chip 41 emits a laser beam in a generally oval pattern 51 as shown in Fig. 34. While according 
to the prior art the generally oval pattern 51 of the laser beam is shaped into a round pattern for use in detection of the 

20 bar code, the present invention is such that, as shown in Fig. 35, the fluorescent ink deposit 18 forming each code bar 
printed on the fluorescent mark carrier is caused to assume a position with its lengthwise direction aligned with the major 
axis of the generally oval pattern of the laser beam at tiie time tiie fluorescent mark is irradiated. By so doing, the area 
of surface of the fluorescent ink deposit 18 onto which the laser beam is projected increased as compared witii that 
exhibited by the use of the round pattern of the laser beam and, consequentiy, a relatively high output can be obtained 

25 to suit for a high speed reading. 

The postal matters 13 are successively transported past the reading station beneath the optical reading apparatus 
by the transport means 62 which may be in the form of an endless belt conveyor equipped with a guide. However, even 
though the guide is employed, the postal matter 13 being transported may tilt an angle of about 20 degrees at maximum. 
Fig. 36 illustrates a condition in which, when the postal matter 13 being transported tilts (an angle of tilt being atiout 7 

30 degrees), the fluorescent ink deposit 16 of a generally elongated shape confronts the irradiation pattern 51 . If the irra- 
diation pattern 51 has a minor axis 54 which is too large, the irradiation pattern 51 may encompass the neighboring 
fluorescent ink deposits 18 which would eventually bring about an undesirable result. As a result of studies conducted 
by the inventors, if the ratio (major axis/minor axis) of tiie mino/ axis 64 relative to the major axis 63 of tiie oval irradiation 
pattern 51 exceeds 15, information would be read out from the neighboring fluorescent ink deposits 18 in the event of 

35 tilt as hereinabove described and, therefore, it has been found tinat the ratio of the minor axis 64 relative to the major 
axis 63 of the irradiation pattern 51 should be restricted to a value smaller than 15. 

Optical Reading Apparatus: Embodiment 2 

40 Rgs. 37 and 38 are diagrams illustrating a mirror and a second prefen-ed embodiment of the optical reading appa- 
ratus utilizing such mirror, respectively. 

As best shown in Fig. 37, a highly reflecting, generally disc-shaped mirror 29 having a reflectivity of 50% or more 
has its peripheral portion formed with a slit 52 so as to extend radially thereof. As shown in Rg. 38. this disc-shaped 
min-or 29 is so positioned as to permit tine exciting light 60 from the semiconductor laser 27 to pass therethrough to 

45 irradiate the fluorescent ink deposit 18 on the postal matter 13 and, in this arrangement, the slit 53 in the disc-shaped 
mirror 29 is so oriented as to permit the irradiating pattern projected onto the postal matter to have its major axis aligned 
with the lengthwise direction of tine bar code defined by the fluorescent ink deposit 1 8. By so positioning, as is the case 
witii the oval irradiating pattern discussed hereinbefore, the bar code can be irradiated by the exciting light over the 
substantially entire length thereof, permitting a relatively large output to be obtained. 

50 

Optical Reading Apparatus: Ennbodiment 3 

Rgs. 39 and 40 are diagrams illusfrating different examples of use of tiie infrared-excitable fluorescent substance. 
As shown in Fig. 39. three fluorescent ink deposits 1 8a. 1 8b and 1 8c are formed at respectively predetermined positions 
55 on a security 55. Each of tiiese fluorescent ink deposits 1 8a to 1 c contains a different fluorescent substances having its 
own peculiar emission spectrum. 

For each of tiie fluorescent ink deposits 18a to 18b, a semiconductor laser 27a, 27b or 27c capable of emitting an 
exciting light of a different wavelengtii and a light receiving photodiode 34a, 34b or 34c for sensing fluorescent light 
emitted from the associated fluorescent ink deposit 18a. 18b or 18c are paired and arranged. 
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The respective fluorescent substances contained in the fluorescent ink deposits 1 8a to 1 8c may be suitably chosen 
from a group of the fluorescent substances of the present invention. For example, the fluorescent substance in the 
fluorescent ink deposit 1 8a may be Ndd Ybo.8POc4 having the emission spectrum as shown in Fig. 1 3. the fluorescent 
substance in the fluorescent ink deposit 18b may be Ybo.1Yo.9PO4 having the emission spectrum as shown in Fig. 14 
5 and the fluorescent substance in the fluorescent ink deposit 18c may be Ero.2Y2.8Fe1 .sAla.sOia having the emission 
spectrum as shown in Fig. 1 7. 

Accordingly, wh6re the different fluorescent substances discussed above are employed for the fluorescent inkdepos- 
its 18a to 18c, the photodiodes 34a to 34c receives different fluorescent light emitted therefrom so that authenticity of 
the security 55 can be determined. Should even one of the photodiodes 34a to 34c fails to receive the associated 
10 fluorescent light, the security 55 may be determined forged. 

While in the example shown in Fig. 39 the use has been made of the fluorescent substances having the different 
emission spectra, it is possible to form the single fluorescent ink deposit 1 8 using a mixture of the fluorescent substances 
having the different emission spectra as shown in the example of Fig. 40. 

Where the single fluorescent ink deposit 1 8 is formed using the mixture of the different fluorescent substances, the 
15 exciting light of the different wavelengths emitted from the semiconductor lasers 27a, 27b and 27c is projected onto the 
single fluorescent ink deposit 1 8 to cause the latter to emit the fluorescent light of different wavelengths which is sensed 
by the associated photodiodes 34a, 34b and 34c. In any one of the examples shown in Figs. 39 and 40, an optical fitter 
operable to pass the fluorescent light of the wavelength of interest desired to be sensed by the associated photodiode, 
but to cut off the fluorescent light not desired to be sensed by such associated photodiode is fitted to a light receiving 
20 window of the respective photodiode 34a, 34b and 34c. 

Optical Reading Apparatus: Embodiment 4 

The emission intensity exhibited by the fluorescent substance having the relatively long fall time td has been shown 
25 in Fig. 3(c). This kind of the fluorescent substance having the relatively long fall time td is particularly suitably employed 
for detection of information by the utilization of a fluorescent afterglow. 

Fig. 41 illustrates a timing chart showing the timing of emission of the light emitting element when the information 
is desired to be detected by the utilization of the fluorescent afterglow and also showing an output condition of the light 
receiving element. 

30 As shown in Fig. 41(a). the light emitting element cyclically blinks having an ON period T1 and an OFF period T2 
which are substantially equal in duration with each other, so that the fluorescent ink deposit can be intermittently irradiated 
by the pulsating exciting light. Reference character SI used therein represents a single pulse of exciting light emitted 
by the light emitting element. 

When the fluorescent ink deposit is excited by the pulsating exciting light from the light emitting element, the f luo- 

35 rescent substance contained therein emits the fluorescent light of such a waveform as shown in Fig. 41 (b) showing an 
increase of the output level of the fluorescent light from the fluorescent ink deposit that continues up until the irradiation 
is interrupted. Even after the irradiation has been interrupted, the light receiving element senses a fluorescent afterglow 
emitted from the fluorescent ink deposit. Since the duration of the fluorescent afterglow decreases with passage of time, 
a reference value Vs is set up so that comparison of the intensity of the fluorescent afterglow with this reference value 

40 Vs can provide a rectangular signal S3, as shown in Fig. 41(c). subsequent to interruption of the irradiation from the 
light emitting element. Accordingly, by repeatedly energizing and deenergizing the light emitting element at short inter- 
vals, the code information represented by the pattern of the bar codes can be optically read out. 

The detection by the utilization of the afterglow of the fluorescent light is particularly effective to provide a compact 
and inexpensive optical reading apparatus since not only is the light emitting element deenergized during the information 

45 reading, but also the fluorescent light can be advantageously detected with no need to use any expensive optical filter. 

Figs. 42 and 43 are diagrams used to explain the optical reading apparatus operable with the afterglow of the fluo- 
rescent light discussed above. Referring now to Fig. 42, the optical reading apparatus comprises an irradiating pulse 
frequency selector switch 70. a pulse oscillator circuit 71 . a transistor 72, a laser drive current limiting resistor 73. a drive 
circuit 74 having an automatic power control (ARC) capability, a semiconductor laser diode 75, a condensing lens 76, a 

50 light receiving circuit 77, a laser output adjusting potentiometer 78 and a hold circuit 79. 

The operation of the optical reading apparatus of Fig. 42 will now be described. Assuming that the irradiating pulse 
frequency selector switch 70 is held in position to select an adequate irradiation pulse frequency, the pulse oscillator 
circuit 71 formulates a train of pulses of a frequency determined by the position of the selector switch 70 and output 
them as a clock (CLK) signal. 

55 This clock signal is utilized to switch the transistor 72 on/off to control the supply of a laser drive current lout, outputted 
from the APG drive circuit 74, to the semiconductor laser diode 75. The laser drive current lout is limited by the laser 
drive current limiting resistor 73 to a value necessary to avoid any possible breakage of the transistor 72 and the sem- 
iconductor laser diode 75. 
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The pulsating exciting light 60 emitted from the semiconductor laser diode 75 is projected onto the fluorescent ink 
deposit 18 on the fluorescent mark carrier 10 through the condensing lens 76. and the resultant fluorescent light (fluo- 
rescent afterglow) 61 emitted from the fluorescent ink deposit 18 during the OFF period of the semiconductor laser diode 
75 is detected by the light receiving circuit 77. 

In order to obtain the pulsating exciting light at predetermined intervals from the semiconductor laser diode 75. 
monitor light of the semiconductor laser diode 75 is detected by the APC drive circuit 74 to effect a feedback control on 
the laser drive current lout. 

Detection of the monitor light is accomplished by supplying a monitor cun-ent lin from the semiconductor laser diode 
75 to the hold circuit 79 which operates to detect the peak value or sample the monitor cun-ent lin during the ON period 
of the semiconductor laser diode 75 and then holds such status during the OFF period of the semiconductor laser diode 
75. so that the exciting light from the semiconductor laser diode 75 can be controlled to accomplish a smooth excitation 
of the fluorescent substance by irradiation from the semiconductor laser diode 75. It is to be noted that the output from 
the semiconductor laser diode 75 necessary to excite the fluorescent substance is pre-adjusted by the laser output 
adjusting potentiometer 78. 

Fig. 43 illustrates the structure of the semiconductor laser diode 75 referred to above. As shown therein, the sem- 
iconductor laser diode 75 comprises a semiconductor laser 80 for emitting the exciting light, and a monitor photodiode 

81 for receiving the exciting light from the semiconductor laser 80 to provide the monitor light referred to above. 

If a light emitting diode (LED) is used for a source of the exciting light and a transistor is used to provide a pulsating 
exciting light by means of an switching operation of such fransistor. it would be difficult to secure a sufficient emission 
intensity during tiie detection even though the exciting light is throttled by a condensing light, resulting in limitation of 
the optical path length for information reading. 

In contrast thereto, with the reading apparatus shown in Figs. 42 and 43, the use has been made of the semiconductor 
laser diode excellent in light converging capability and directionality and. therefore, even though the optical path length 
of the reading apparatus increases, a sufficient emission intensity can be secured during the detection. 

Also, the use of the drive circuit having the APC function for the semiconductor laser diode is effective to substantially 
eliminate or reduce the temperature dependent change of the exciting light, making it possible to increase tiie reliability 
in information reading. 

Moreover, the circuit arrangement in which the monitor current is held during the ON period of the semiconductor 
laser diode and the semiconductor laser diode drive circuit is controlled on a feedback scheme based on the value of 
the monitor curent permits the APC function to be exercised regardless of change in pulse frequency and duty ratio to 
facilitate the smooth excitation of the fluorescent substance, making it possible to increase tiie reliability. 

Optical Reading Apparatus: Embodiment 5 

A fifth preferred embodiment of the optica! reading apparatus of the present invention will now be described. 

A generally oblong card 80 such as. for example, a monetary card comprises, as shown in Fig. 44. a rectangular 
base plate 81 in the form of, for example, a generally oblong white-color film of polyester, an overcoat 82 of any desired 
design formed by printing on an upper surface of the base 80 and having a conti-olled light reflectivity, and an undercoat 
83 formed on an undersurtace of the base 81 on one side of the base 81 opposite to the overcoat 82. The undercoat 
83 is a rewritable magnetic layer formed by painting a magnetic paint on the undersurtace of the base 81 . The overcoat 

82 has an outer surface printed with a patterned fluorescent mark 84 containing tine fluorescent substance, witii security 
irrformation sutDStantially permanently recorded in the card 80. 

The mark 84 is a fluorescent mark of a kind invisible under visible rays of light and capable of emitting a fluorescent 
light 86 of a wavelength different from the center wavelength of tiie infrared exciting light 86 when iaadiated by such 
exciting light 86 and are comprised of a plurality of elongated parallel fluorescent bars laid so as to extend perpendicular 
to the lengthwise sense of the card 80. With the fluorescent mark 84 formed on the card 80. security information including, 
for example, a code descriptive of the issuer of the card and/or an ID code of the card bearer is recorded in the card 80. 

While as shown in Fig. 45(d) the generally well-known standard bar code comprises an oblong label 87 having a 
data area 89b on which a plurality of parallel code bars 88 are printed so as to be visible against the background of the 
label 87, the bar code formed as the fluorescent mark 84 in the practice of the present invention is substantially reverse 
to tiie standard bar code. More specifically, the bar code forming the fluorescent mark 84 is in tiie form of an oblong 
label having one surface d^osited with the fluorescent substances in a pattern reverse to that of the standard bar code 
shown in Fig. 45(d) and. therefore, having a data area 89 In which respective portions corresponding in position to the 
code bars 88 are left blank so as to leave fluorescent sti-ipes 90 each between tiie neighboring bars 88 with opposite 
fluorescent leaders 91 and 91a defined on respective end portion of tiie label. 

Witii tiiis design, regardless of the direction in which the data area 89 is scanned, the position of tiie data area 89 
can be easily detected since tiie leader 91 of a width greater than any one of the bars 88 and fluorescent sti-ipes 90 both 
forming tiie data area 89 is first scanned a substantial length of time. Also, the contrast of the data area 89 over the 
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entire area thereof is made substantially uniform so as to avoid any possible erroneous detection of the thickness of the 
first one of the bars, i.e., the bar 88a. 

The fluorescent substance used to form the fluorescent mark 84 may be any fluorescent substance or a compound 
containing as an optical active element one or a mixture of rare earth elements such as. for example, neodymium (Nd). 

5 ytterbium (Yb). europium (Eu), thulium (Tm). praseodymium (Pr) and dysprosium (Dy) with the. optica! active element 
being a compound containing In its matrix such oxides of tungstate, molybdate or phosphate. However, so far as the 
fluorescent light 86 capable of emitting an afterglow can be emitted when the exciting light of any arbitrarily chosen 
wavelength is irradiated, the material may be suitably changed. 

In the embodiment under discussion, a fluorescent paint containing the fluorescent substance such as 

10 Li(Ndo.9Ybo.i)P40i2 is printed to form the fluorescent mark 84. The fluorescent mark 84 so formed has such a property 
that when near infrared rays of light of about 800 nm in wavelength are irradiated as the exciting light, the infrared 
fluorescent light 86 having a peak value in the vicinity of 1 .000 nm can be emitted and that the persistency of the fluo- 
rescent light 86 until the intensity thereof decreases down to 10% of the maximum intensity subsequent to interruption 
of the irradiation lasts for about 400 to 600 jisec. 

15 The optical reading apparatus according to this embodiment comprises, as shown in Fig. 46. a card transport 92, 
an illuminating unit 93 for irradiating the card 80 carried by the card transport 92, a photoelectric converter unit 95 for 
converting a light signal 94. emitted from an irradiated position, into an electric signal, a fluorescent mark detecting unit 
96 for detecting from the converted electric signal a mark signal S4 corresponding to the position at which the mark 84 
is formed, and a data processing unit 97 for determining contents of the data on the card 80 from the detected mark 

20 signal S4. 

The card transport 92 includes spaced pairs of rollers 99 adapted to be driven by a motor drive circuit 98 for trans- 
porting the card 80, while the latter is sandwiched in between the rollers 99 of the pairs, at a speed of, for example, 
about 200 to 400 mm per second with the fluorescent mark 84 on the card consequently moved beneath the illuminating 
unit 93 and the photoelectric converter unit 95. Data associated with the operating timing of the motor drive circuit 98 
25 are fed back to the data processing unit 97 to acknowledge the timing at which a requisite data processing may take 
place to determine the contents of the mark 84. 

The illuminating unit 93 Includes a illuminator drive power source 100 for outputting a predetermined direct current 
voltage in synchronism with the timing of detection of the mark 84 and a light source 1 01 which is energized by the direct 
current voltage supplied from the power source 1 00 to emit rays of light 85. 
30 The light source 1 01 comprises a light emitting element 1 02 such as a light emitting diode capable of emitting near 
infrared rays of light having an emission center wavelength in the vicinity of 800 nm. and a light guide 103 made of a 
glass fiber and fitted to a light exit of the light emitting element 102 as shown in Fig. 44. This light source 101 is so 
positioned that a free end of the light guide 1 03 is spaced a minute distance of about 2 mm or smaller from the surface 
of the card 80 and the light guide 103 itself is tilted a predetermined angle ei within the range of 40 to 60** in a plane 
35 perpendicular to the direction of movement of the mark 84 relative to the horizontal direction. 

The photoelectric converter unit 95 for converting the light 94 from the irradiated position on the card 80 into the 
electric signal includes a detector 104 for converting the incident light into an electric current, and an alternating cun-ent 
amplifier 1 05 for converting the current into a voltage and then amplifying the converted voltage. 

The detector 104 includes a light receiving element 106 such as a photocell or a photodiode having a light receiving 
40 sensitivity to the infrared region of light, an optical filter 107 fitted to a light receiving face of the light receiving element 
106 for selectively passing only the wavelength of the fluorescent light 86 emitted from the mark 84, and a light guide 
108 similar to the light guide 103 used on the light source 101 and secured thereto through the optical filter 107. 

The light guide 108 of the detector 104 has its free end positioned in the vicinity of the free end of the light guide 
103 and is inclined at an angle 02 within the range of, for exannple, about 105 to 1 1S"* in a plane perpendicular to the 
45 direction of movement of the mark 84 relative to the horizontal direction. By so positioning the light guide 108, rays of 
light 94 including a reflected light component 109 reflected from the position at which the mark 84 is irradiated by the 
exciting light 85 and a fluorescent light component 86 are received by the detector 104 through the light guide 108 as 
incident light. The incident light 94 is converted by the light receiving element 106 into the voltage proportional to the 
intensity of the incident light as shown in Fig. 47(b). which voltage is then amplified by the alternating current amplifier 
50 1 05 to a predetermined voltage. The alternating current amplifier 1 05 then outputs the signal S5 indicative of the amplified 
voltage to the mark detecting unit 96 by which a signal con-esponding to the position of the mark can be detected. 

The mark detecting unit 96 comprises a comparator 1 10 for outputting a mark signal S4 of a waveform as shown 
in Rg. 47(c) and corresponding to the position at which the mark is formed, a reference value setting circuit 111 for 
setting a reference value Vc used by the comparator 110. and a data area determining circuit 1 12 for determining the 
55 data area 89 in the mark 84. The reference value setting circuit 1 1 1 is operable to detect a portion of the electric signal 
S5 fed from the photoelectric converter unit 95 which corresponds to the leader 91 of the mark 84 to determine the 
reference value Vc proportional to the level of the leader 91 , which reference value Vc is subsequently inputted to the 
comparator 1 10. Simultaneously therewith, the reference value setting circuit 1 1 supplies a predetermined signal S6 to 
the data area determining circuit 1 12 to acknowledge the latter that detection of the data area 89 has been initiated. 
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The data area determining circuit 112 is used to acknowledge the comparator 1 10 of the timing at which the input 
signal S5 is compared with the reference value Vc and operates to initiate detection of the start of scan of the data area 
89 in response to a start signal S6 fed from the reference value setting circuit 1 1 1 and also to detect the end of the data 
area 89 in response to the signal S4 outputted from the comparator 1 1 0. thereby providing an output signal S7 with the 
5 comparator 110. The comparator 1 10 provides an output signal S4 of a substantially rectangular waveform as shown 
in Fig. 47(c) when the level of the signal S5 fed from the photoelectric converter unit 95 decreases down to a value lower 
than the reference value Vc.which output signal S4 is then supplied to the data processor 97 by which the pulse width 
and interval of the signal S4 are measured to analyze the contents of the data area 89 of the mark 84. 

The operation of the markdetecting unit 96 will now be described with reference to the flowchart of Fig. 48. Assuming 
10 that the mark detecting unit 96 is brought into operation at step 120. initialization takes place at step 121, followed by a 
reference value setting block. 

In the reference value setting block, the timing at which the signal level abruptly rises is constantly monitored at step 
122 by differentiating the input signal S5 fed from the photoelectric converter unit 95. If the raise of the signal level is 
detected at a timing t1 shown in Fig. 47, the program flow goes to step 123 at which a timer is started and at the 
75 subsequent step 1 24 a wait is made until the fall of the input signal Is detected. 

Once the fall of the signal level is recognized, the count of the timer indicative of the length of time passed is examined 
at step 125. Should the decision at step 125 indicate that the length of time passes is shorter than a predetermined 
value, the input signal is deemed as an unnecessary signal such as, for example, a noise signal and the program flow 
goes back to step 1 22. However, if the decision at step 1 25 indicates that the predetermined length of time has passed 
20 at the time the signal level detected at a timing t2 falls, the voltage corresponding to the average voltage Vm of the signal 
level during a period between the rise and fall thereof which is divided by a predetermined rate is compared with the 
r ference value Vc at step 126 and is then inputted to the comparator 1 10. Simultaneously therewith, and at step 127. 
a signal 87 is supplied through the data area determining circuit 1 12 to the comparator 1 10 to cause the latter to initiate 
a comparing operation. 

25 During the comparison taking place at step 128. the comparator 110 outputs a high-level signal during a period in 

which the level of the input signal S5 falls below the reference value Vc and a low-level signal during a period in which 
it rises above the reference value Vc. to thereby output the mark signal S4 of the generally rectangular waveform in 
correspondence to positions where no fluorescent deposit is formed. 

Then, at step 129, a length of time during which the mark signal S4 is in the low level state is detected. If the length 

30 of time during which the mark signal S4 is in the low level state exceeds a predetermined time, the comparator 1 10 is 
acknowledged that the data area 89 of the mark 84 has passed tine reading station and tine leader 91a is aligned with 
the reading station, with the comparing step consequently terminated. 

It is to be noted that, in place of the use of the fluorescent mark which corresponds to the reversal of the prior art 
code mark shown in Fig. 45(a), the fluorescent mark in which the reversed data area 89 may be sandwiched between 

35 leaders 91 and 91a as shown in Fig. 45(b) or front and rear portions of the data area 89a which are not reversed may 
be sandwiched by leaders 91 and 91a as shown in Fig. 45(c). If the direction of scan of the fluorescent mark 84 is fixed 
in one direction, the use of only the leader 91 is sufficient and in such case the leader 91 should be positioned at a 
location from which the scanning starts. Also, the leader 91 may not be always of a rectangular shape, but may be of 
any desired shape provided that a distinction can readily be accomplished between it and the data area 89. 

40 While the mark detecting unit 96 has been described as operable to successively process the signal S5 fed from 
the photoelectric converter unit 95, the mark detecting unit 96 may be designed to sample and store a change in a series 
of input waveforms and then to detect the position at which the mark 94 is formed by ttie utilization of such data by 
means of the above described procedure or a similar procedure. 

Moreover, instead of the detection of the fluorescent light 86 by continuously irradiating by the exciting light 85, the 

45 method of detecting the fluorescent light 86 can also be used to detect the position at which the mark 84 is fonned by 
intermittently in-adiating by the exciting light 85 and then by detecting the afterglow of the fluorescent light 86. 

Yet, in place of the mark 84 being moved while the optical reading apparatus is f ixed in position, arrangement may 
be made that the illuminating unit 93 and the photoelectric converter unit 95 may be integrated togetiier to provide a 
portable probe and in such case the optical reading apparatus may be made movable manually or automatically while 

50 the mark 84 is fixed in position. In addition, arrangement may also be made that, while tiie exciting light 85 is scanned 
at a predetermined angle, light emerging from the scanning position is detected by the detector 104. These variants 
may equally apply to the remaining embodiments of the optical reading apparatus of the present invention. 

Optical Reading Apparatijs: Embodiment 6 

55 

A sixth prefen-ed embodiment of the optical reading apparatus will now be described. The card 80 and the mark 84 
used in connection with this embodiment of tiie optical reading apparatus are similar to tiiose used in connection with 
the previously described fifth embodiment and. therefore, tiie details tiiereof are not herein reiterated. 



42 



JNSOOCID: <=P 0700980A1J_> 



EP 0 700 980 A1 



10 



15 



25 



30 



35 



40 



The optical reading apparatus according to this embodiment comprises, as shown schematically shown in Fig. 49. 
an irradiating means 1 51 for intermittently irradiating the mark 84 by the exciting light 85 of a predetermined intensity at 
a predetermined cycle, a photoelectric converting means 1 53 for receiving the incident light 94 emerging from the position 
where the exciting light 85 is projected and converting the Incident light 94 into an electric signal, a waveform detecting 
means 154 operable in synchronism with the timing of irradiation by the exciting light 85 from the irradiating means 151 
to separately detect a minimum value shortly before the start of irradiation, a maximum value shortly before interruption 
of the Irradiation and a detected value 157 immediately after interruption of the Irradiation, and a mark determining 
means 1 55 for comparing the detected value 1 57 with a reference value 1 58 obtained by dividing the difference between 
the maximum and minimum values to determine the position at which the mark 84 is formed In the event that ttie detected 
value 157 exceeds the reference value 158. 

The photoelectric converting means 1 53 has an input side coupled with an optical filtering means 1 52 for selectively 
passing only a light component of a wavelength included in the incident light 94. but matching-with that of the fluorescent 
light 86, and the waveform detecting means 154 includes a signal input determining means 156 operable to sample a 
value of the input waveform at a predetermined timing, retain such value for the subsequent sampling timing to come 
and determine whether or not the maximum value outputted from the detecting means 1 54 is significant. Only during a 
period in which the signal input determining means 156 determines that the maximum value is significant, the mark 
determining means 155 undergoes a comparing operation. 

More specifically, the optical reading apparatus according to this embodiment comprises, as shown in Fig. 50 show- 
ing the details thereof, a card transport 92, an illuminating unit 93, a photoelectric converter 94. a fluorescent mark 
detecting unit 96. a data processor 97 and a signal generating unit 130 for generating various control signals. 

The signal generating unit 1 30 is operable to generate at least a drive signal S8 used in the illuminating unit 93 and 
three timing signals S9, S10 and S1 1 used in the mark detecting unit 96 and, for this purpose, includes a clock signal 
generator 131 for generating a clock signal S12 and a control signal generator 132 for generating the various control 
signals based on the clock signal Si 2. • ^ , * 

The clock signal generator 131 continuously generates the clock signal S12 in the form of a tram of pulses at a 
predetermined interval of. for example, about 100 Hmsec as shown in Fig. 52(a). The control signal generator 132 for- 
mulates the drive signal S8 of a generally rectangular waveform having its level varying at an interval of about 500 \isec 
as shown in Fig. 52(b) by varying the levels of the signal each time five pulses of the clock signal Si 2 are inputted 
thereto Also, the control signal generator 132 outputs a pulse signal in synchronism with, for example, the fourth, sixth 
and ninth pulses of the clock signal SI 2 subsequent to the rise of the drive signal S8, to thereby form the timing signals 
S9 to S1 1 in synchronism with the drive signal 88 as shown in Fig. 52(c) to Fig. 52(e), respectively. 

The mark detecting unit 96 Includes a sample-hold circuit 133 for measuring a change of the signal S13 from the 
photoelectric converter unit 95 as shown in Fig. 52(f). first to third comparators 134, 135 and 136. and first and second 
display circuits 137 and 138. 

The sample-hold circuit 133 includes three-sampling circuits 142a. 142b and 142c of a substantially identical con- 
struction each including a voltage buffer circuit 139 in the form of an operational amplifier, a capacitor 140 connected 
with one input of the voltage buffer circuit 139 for holding an input voltage and an analog switch 141 adapted to be 
triggered on in response to the associated timing signal S9. S10 or S11 fed from the signal generating unit 130. 

This sample-hold circuit 133 is operable to individually and cyclically sample the voltage varying signal S13 corre- 
sponding to the intensity of the incident light 94 as shown in Fig. 52(f) and retain such detected value until the subsequent 
sampling timing. 

In this embodiment, the timing signal S9 shown in Fig. 52(c) is supplied to the first sampling circuit 142a (See Fig. 
51) so that the maximum value Vm of the incident light 94 shown by a bold line in Fig. 52(e) is detected by the voltage 
immediately before the interruption of irradiation by the light 85. Also, the timing signal SI 0 shown in Fig. 52(d) is supplied 
to the second sampling circuit 142b so that the intensity of the afterglow is detected in the form of a voltage Vd shown 
by the broken line in Fig. 52(g) by the voltage immediately after the interruption of irradiation. 

Also the timing signal S11 shown in Fig. 52(e) is supplied to the third sampling circuit 142c so that the minimum 
value of the incident light 94 shown by the slender line in Fig. 52(g) is detected by the voltage VI immediately before 
restart of irradiation by the light 85. In this way. change of the waveform of the incident light 94 is determined in the form 
of a change of the voltage so that the percentage of the intensity of the afterglow relative to the whole can be determined. 

The first comparator 1 34 for determining the value of each detected value is employed in the form of an operational 
amplifier having a negative input terminal to which the voltage Vd proportional to the afterglow and outputted from the 
second sampling circuit 142b is inputted as the detected value. On the other hand, the difference between respective 
voltages outputted from the first and third sampling circuits 1 42a and 1 42b is divided by a variable resistor 1 42 to provide 
a voltage Vc which is inputted to the first comparator 134 as a reference value Vc as shown by the smgle^Jotted line in 
Fig. 52(g). Thus, should the first comparator 134 determines that the detected value Vd exceeds the reference value 
Vc a predetermined signal SI 4 is outputted from the first comparator 1 34 to the third comparator 1 36. 

' The second comparator 134 compares the maximum value Vx. outputted from the first sampling circuit 142a. with 
a predetermined reference value and outputs a predetermined signal S15 when the maximum value Vm decreases 
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down below the reference value. However, if the maximum value Vm exceeds the predetermined reference value, the 
second comparator 134 ceases outputting the signal 815. This second comparator 134 is connected parallel to the first 
comparator 134 and has an output terminal connected with the third comparator 136 through a forward-biased diode 
1 44 so that the signal SI 5 can be supplied to the third comparator 136. 
5 The third comparator 136 is in the form of an cperational amplifier having a negative input terminal adapted to 

receive respective outputs from the first and second comparators 134 and 135 and is operable to compare them with a 
predetermined reference value so that a switching element 145 in the form of a field effect transistor coupled with an 
output stage of the operational amplifier can be controlled. While during a period in which both of the respective output 
voltages from the first and second comparators 134 and 135 are lower than the predetermined reference value, a "1" 
10 signal descriptive of detection of the fluorescent mark 84 is outputted to the data processor 97. a signal SI 6 to be 
supplied to the data processor 97 will be rendered to be "0". descriptive of non-detection of the fluorescent mark 84, in 
the event that a high level signal is outputted from either one of the first and second comparators 134 and 1 35. 

Accordingly, during a period in which an output signal SI 4 from the first comparator 134 is instable because the 
intensity of the incident light 94 is low. a high level signal Si 5 is supplied from the second comparator 1 35 to the negative 
15 input terminal of the third comparator 136. causing an output of the third comparator 136 to be forcibly rendered zero 
("0") to acknowledge the data processor 97 that no fluorescent mark 84 has been detected. 

Conversely, in a condition in which the intensity of the incident light 94 is of a value higher than a predetermined 
value and detection of the fluorescent mark 84 takes place normally, the second comparator 135 outputs a low level 
signal wherefore tiie tiiird comparator 1 36 is operated in response to change in level of the output from the first comparator 
20 134. that is. in response to detection of the fluorescent component, so that as shown in Fig. 52(h) the presence or 
afc)sence of the fluorescent mark can be determined. 

The timing at which the determination is carried out by the third comparator 1 36 is visually indicated by emission of 
light from a light emitting diode 1 46 of the first display circuit 137 coupled with an output of the second comparator 1 35. 
Also, the timing at which the fluorescent mark 84 is detected is visually indicated by emission of light from a light emitting 
25 diode 1 47 of the second display circuit 1 38 coupled with an output of the third comparator 1 36. 

A capacitor 140 and a resistor 146 botii disposed on an input stage of tiie sample-hold circuit 133 and a capacitor 
149 and a resistor 150 both disposed on an input stage of the third comparator 136 constitute a respective integrating 
circuit operable to avoid any possible erroneous operation which would result from an abrupt increase of the input level 
in response to input of noise pulses. 
30 The cycle of tiie drive signal S8 employed in the illustrated embodiment is about 1 msec which is about twice the 
persisting time of the fluorescent afterglow of the fluorescent substance forming the fluorescent mark 84, but the cycle 
and the persisting time can be suitably changed. 

Also, the respective timings at which sampling signals S9 to Si 1 may be set to be about the timing at which the 
exciting light 85 is pulsated, in which case separation between the fluorescent light 86 and the reflected light 109 can 
35 be accomplished accurately In such case, it is possible to detect the value of the fluorescent light 86 without detecting 
the afterglow, but in reference to the voltage immediately after the start of irradiation and immediately before interruption 
of tiie irradiation. 

In addition, the analog operational amplifier used in the various comparators for comparing the detected \^lues with 
the associated reference values may be replaced witii a digital comparator such as, for example, a microprocessor. In 
40 such case, in place of or in addition to the selective sampling of the voltage value at a characteristic portion of the input 
waveform, the entire waveform may be detected so that a change thereof can be digitally processed. 

Optical Reading Apparatus: Embodiment 7 



The card 80 and the mark 84 used in connection witii this seventh embodiment of the optical reading apparatijs are 
similar to those used in connection with the previously described fifth embodiment and, therefore, the details thereof are 
not herein reiterated. - 

The seventh embodiment of the optical reading apparatus is shown schematically in Fig. 53 and comprises an 
in-adiating means 160 for intermittently irradiating the mark 84 by the exciting light 85 of a predetermined intensity at a 
predetermined cyde, a photoelectric converting means 162 for receiving the incident light 94 emerging from the position 
where the exciting light 85 is projected and converting the incident light 94 into an electric signal, a waveform shaping 
means 163 for inverting and amplifying a half of an output signal from tfie photoelectiic converting means 162 in syn- 
chronism with the timing 90° displaced in phase from the in-adiating period of the exciting light 85 from the irradiating 
means 160. a low pass filtering means 164 for selectively extracting a direct cun-ent component from an output signal 
from the waveform shaping means 163. and a comparing means 165 for comparing a detected voltage outputted from 
the low pass filtering means 164 with a reference voltage and for providing a predetermined mark signal therefrom in 
the event that tiie detected voltage exceeds tiie reference voltage. 

More specifically as shown in Fig. 54, the optical reading apparatus comprises a card transport 166 for transporting 
the card 80, an illuminating unit 167 for illuminating the marking 84 on the card 80. a photoelectric converting unit 168 
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for converting rays of light 94, emerging from the position of the mark 84 irradiated by the exciting light 85, into an electric 
signal, a fluorescent mark detecting unit 169 for outputting, based on the converted electric signa, a mark signal S28 
descriptive of the position at which the mark 84 is formed, and a data processor 1 70 for determining contents of the data 
on the card 80 in reference to the detected mark signa! S28. 

5 The card transport 166 includes spaced pairs of rollers 172 adapted to be driven by a motor drive circuit 171 for 

transporting the card 80. while the latter is sandwiched In between the rollers 1 72 of the pairs, at a speed of. for example, 
about 200 to 400 mm per second with the fluorescent mark 84 on the card consequently moved beneath the illuminating 
unit 167 and the photoelectric converter unit 168. Data associated with the operating timing of the motor drive circuit 
171 are fed back to the data processor 170 to acknowledge the timing at which a requisite data processing may take 

10 place to determine the contents of the mark 84. 

The illuminating unit 1 67 includes an oscillator 173 for generating a clock signal S20 of a waveform as shown in Fig. 
56(a), a signal generator 174 for generating two different control signals S22 and S23 and a drive signal S21 in syn- 
chronism with the timing of the clock signal S20. an illuminator drive circuit 1 75 for amplifying the power of the drive 
signal S21 , and a light source 1 75 which Is energized by the drive circuit 1 75 to emit the exciting light 85. The oscillator 

75 1 73 is operable to continuously generate the clock signal S20 in the form of a train of pulses at intervals of. for example. 
250 ^sec as shown in Fig. 56(a). 

The signal generator 174 includes, as shown in Fig. 55, first and second D-type flip-flops 1 77 and 1 78 each having 
a clock signal input terminal 179 and 180 which is connected with an output terminal of the oscillator 173. The first flip- 
flop 177 also has a data input terminal 181 and a non-inverting output \em\na\ 183 which are respectively connected 

20 with an inverting output terminal 182 and a data input terminal 43 of the second flip-flop 178. 

With this structure, each time two puisnes of the clock signal S20 are applied to the signal generator 1 74, the drive 
signal S21 of a rectangular waveform having its output level inverted at intervals of about 500 fisec is outputted from 
the non-inverting output ierrr[\na\ 183 of the first flip-flop 177. A first controi signal S22 of a frequency equal to that of 
the drive signal S21 . but retarded 90** in phase from that of the drive signal S21 is outputted from a non-inverting output 

25 Xermna\ 184 of the second flip-flop 1 78, and a second control signal S23 of a frequency equal to that of the drive signal 
S21 , but advanced 90** in phase from that of the drive signal S21 is outputted from an inverting output terminal 182 of 
the second flip-flop 1 78. 

The illuminator drive circuit 175 is comprised of a transistor switch 185 adapted to be turned on in response to the 
drive signal S21 and includes a Zener diode 186 connected between the emUer and base of the transistor switch 185 
30 for limiting the base voltage, said transistor switch 1 85 having a collector connected in series with a light emitting element 
187. 

The light source 176 comprises the light emitting element 187 such as a light emitting diode capable of emitting 
near infrared rays of light having an emission center wavelength in the vicinity of 800 nm. and a light guide made of a 
glass fiber arxJ fitted to a light exit of the light emitting element 187. This light source 176 is so positioned that a free 

35 end of the light guide is spaced a minute distance of about 2 mm or smaller from the surface of the card 80 and the light 
guide itself is tilted a predetermined angle within the range of 45 to 60** in a plane perpendicular to the direction of 
movement of the mark 84 relative to the horizorrtai direction. (In this connection, see Fig. 44.) 

The photoelectric converter unit 1 68 includes a detector 188 for converting the incident light into an electric current, 
and an alternating current amplifier 189 for converting the current into a voltage and then amplifying the converted 

40 voltage. The detector 188 includes a light receiving element such as a photocell or a photodiode having a light receiving 
sensitivity to the infrared region of light, an optical filter fitted to a light receiving face of the light receiving element for 
selectively passing only the wavelength of the fluorescent light emitted from the mark 84, and a light guide similar to the 
light guide used on the light source 1 76 and secured thereto through the optical filter. 

The light guide of the detector 188 has its free end positioned In the vicinity of the free end of the light guide and is 

45 inclined at an angle within the range of, for example, about 105 to 115° in a plane perpendicular to the direction of 
movement of the mark 84 relative to the horizontal direction. By so positioning the light guide, rays of light 94 emerging 
from the position at which the exciting light 85 is projected onto the mark 84 can be received. As the incident light 94 
includes a reflected light component 109 reflected from the position at which the mark 84 is irradiated by the exciting 
light 85, a fluorescent light component 86 and external light 190 (See Fig. 53) pass through the optical filter, only the 

50 reflected light 109 and the external light 190, that Is, rays of light of a wavelength other than that of the fluorescent light 
component 86. are attenuated to a value as small as possible, and the tight receiving element converts the incident light 
Into an electric current proportional to the intensity thereof. 

Also, after having been amplified to the predetermined value by the alternating current amplifier 189, a detected 
signal S24 of a waveform shown in Fig. 56(e) is Inputted to the fluorescent mark detecting unit 1 69 so that a signal S28 

55 descriptive of the position where the mark 84 is formed can be outputted selectively. 

The seventh embodiment of the optical reading apparatus Is characterized In the structure of the fluorescent mark 
detecting unit 169. As shown in Figs. 54 and 55, the mark detecting unit 169 includes a synchronous rectifying circuit 
191 for shaping the detected signal S24 Into a predetermined signal S25 of a waveform as shown In Fig. 56(f) by the 
utilization of the first and second control signals S22 and S23. a low pass filter 192 for removing an alternating current 
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component from the signal S25 to provide a signal S26 which varies in level in dependence on detection of the fluorescent 
light 86. and a comparator 193 for outputting a mark signal S28 when a significant signal S26 is inputted thereto. 

The synchronous rectifying circuit 191 includes, as shown in Fig. 55, a differential amplifying circuit 195 utilizing an 
operational amplifier 1 94 having two input terminals 196 and 1 97 connected parallel to each other to receive the detected 
signal S24 and also connected in series with respective analog switches 198 and 199. which analog switches 198 and 
199 are in turn adapted to be controlled r^pectively by the control signals S22 and S23. 

In other words, the analog switch 198 connected with a positive input terminal 196 of the operational amplifier 194 
is adapted to be turned on during a period in which the first control signal S22 is in a high level state, while the analog 
switch 199 connected with a negative input terminal 197 of the operational amplifier 194 is adapted to be turned on 
during a period in which the second control signal S23 is in a high level state. 

While the period during which the first control signal S22 is in the high level state corresponds to the period retarded 
90" in phase from the irradiating period during which the exciting light 85 is emitted from the light emitting element, the 
period during which the second conti-ol signal S23 is in the high level state con^esponds to the period advanced 90° in 
phase from the in-adiating period. Accordingly of the detected signal S24 inputted to the synchronous rectifying circuit 
191. a latter half period during which tfie exciting light is emitted and a first half period during which emission of tiie 
exciting light is interrupted are inputted to the positive input terminal 196 of the operational amplifier 194 through ttie 
analog switch 198 while a fatter half period during which the emission of the exciting light is interrupted and a first half 
period during which tiie exciting light Is emitted are inputted to the negative input terminal 1 97 of tiie operational amplrfier 
194 through the analog switch 199. As a result tiiereof. a signal S25 emerges from the synchronous rectifying circuit 
191 which signal S25 has a wavefonm shown in Fig. 56(f) which assumes a plus voltage during a period in which the 
detected signal S24 is inputted to the positive input terminal 196 and a negative voltage during a period in which the 
detected signal S24 is inputted to the negative input terminal 197. 

In the meantime, since the change in voltage of the detected signal S24 takes place in a pattern of a rectangular 
waveform as shown by the single-dotted line in Fig. 56(e) since only the reflected light 109 comes from the mark 84 and 
the card 80 during the period in which the exciting light 85 is not projected onto the fluorescent mark 84. Accordingly, 
the output signal from tiie synchronous rectifying circuit 191 is of such a waveform as shown by tiie hatched areas iri 
Fig. 56(f) in which a first half of the reflected light component is inverted and a latter half tiiereof is not inverted and is 
in the form of a signal having plus and minus sides of an equal value. 

On the otiner hand, when the exciting light 85 scans across tiie fluorescent mark 84. the fluorescent component 
increases exponentially as shown by tine solid line in Fig. 56(e). subsequent to the irradiation by the exciting light due 
to the persistency of the fluorescent light 86 and also decreases exponentially subsequent to tiie interruption of irradiation 
by the exciting light. Accordingly, tine output signal S25 from tine synchronous rectifying circuit 191 is selectively non- 
inverted and amplified during the period in which the fluorescent component is high, or inverted and amplified during 
the period in which the fluorescent component is low. and consequently, a signal having a plus side sufficiently higher 
than the minus side can be drawn from the synchronous rectifying circuit 191. 

In view of this, in the illusti-ated embodiment, the output signal S25 from the synchronous rectifying circuit 191 is 
allowed to pass through the low pass filter 192 so that an alternating cun-ent component can be removed, leaving only 
a direct current component to be outputted from ttie low pass filter 192. In other words, as shown by the single-dotted 
chain line shown in Figs. 56(e) and 56(f), no output emerge from the low pass filter 192 when tiie fluorescent mark 84 
is not scanned, because the plus side and the minus side are of a equal quantity. 

However, as shown by the solid line in Fig. 56(e), when the mask 84 is scanned, the external light 190 and the 
reflected light 109 are cancelled, but the fluorescent light 94 has a plus side considerably higher than the minus side. 
Accordingly the signal S26 in the form of a positive direct current voltage is outputted from me low pass filter 192. 

The signal S25 emerging from tine filter 1 92 is in turn inputted to the comparator 1 93 utilizing an operational amplifier 
20 and is compared in the comparator 193 with a reference voltage S27 which corresponds the voltage, stabilized by a 
constant voltage diode 102, that is divided by a variable resistor 202. When the significant signal S26 exceeding the 
reference voltage S27 is inputted to the comparator 193. an output voltage tiiereof is rendered to be in a high level state 
and the mark signal S28 descriptive of the detection of the mark position can be outputted from the comparator 193. 

it is to be noted that in the illustrated embodiment the drive signal S21 has a cycle of about 1 msec which is about 
twice the persisting time during which the afterglow from the fluorescent substance forming the fluorescent mark 84 
continues. However, it is pointed out that the cycle and the persisting time may be suitably varied. 

Optical Reading Apparatus: Embodiment 8 

Before the description of an eightii prefen-ed embodiment of the optical reading apparatus proceeds, an example 
of the fluorescent mark will be discussed with reference to Fig. 57. As shown in Fig. 57, a fluorescent mark 210 in the 
form of a bar code is formed on a earner 21 1 such as. for example, a card, by tiie use of a printing technique and covered 
by a protective sheet 213 bonded to the carrier 21 1 by means of a bond layer 212. 
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The fluorescent mark 210 is prepared by the use of a transparent inking medium containing fluorescent micropar- 
ticles capable of being excited by irradiation of. for example, infrared rays of light, which microparticles are dispersed 
and retained in a binder. The fluorescent microparticles may be microparticles of an organic compound such as, for 
example, Rhodamine 6G, Thioflavine or Eosine or of an inorganic compound such as NdPsO^, LiNdP40i2 or 
5 Al3Nd(Bb3)4- 

The binder used may be one or a mixture of, for example, wax, polyvinyl chloride-vinyl acetate copolymer, ethylene- 
vinyl acetate copolymer, polyester, polyurethane and carbonate. If desired, a suitable quantity of one or both of a plas- 
ticizer and a surface active agent may be employed. 

As a printing method, any printing method may be employed such as, for example, a thermal transfer technique in 
10 which an ink ribbon comprising a ribbon base having one surface coated with the transparent inking medium is mounted 
on a thermal head so that the inking medium can be thermally transferred onto a surface of the merchandise as the 
carrier or a screen printing technique in which the transparent inking medium in a liquid form is printed onto the surface 
of the merchandise- The suitable printing method may be selected depending on the type and shape of the carrier. 

The bond used to form the bond layer 212 may be a bonding agent of a non-solvent type such as. for example, a 
75 hot-melt bonding agent, in order to avoid any passible swelling, or deformation upon dissolution, of the fluorescent mark 
210. The hot-melt bonding agent referred to above may be of a kind containing an ethylene-vinyl acetate copolymer, 
polyethylene, polyamide or polyester. 

The protective sheet 213 may be a transparent resinous sheet made of. for example, vinyl chloride or polyester. The 
carrier 21 1 of the fluorescent mark 210 may have a while-color layer formed thereon for enhancing the reflection of light 
20 and also enhancing the level of a signal detected from the fluorescent mark 210. 

As shown therein, when infrared rays qi light 21 4 of a center wavelength matching with that at which the fluorescent 
substance used can be excited are projected onto the fluorescent mark 210. the fluorescent microparticles are excited 
in response to application of the infrared rays of light 214 to emit the fluorescent light 215 of a particular wavelength 
different from the center wavelength of the infrared rays of light 214. If the fluorescent light 215 is received and converted 
25 into an electric signal by a light receiving element and is subsequently digitized, a binary signal descriptive of the pattern 
of code bars forming the fluorescent mark 210 can be obtained so that information represented by the fluorescent mark 
210 can be read out. 

Fig. 58 illustrates the optical reading apparatus according to the eighth embodiment. As shown therein, the optical 
reading apparatus comprises a light emitting element 2 1 6. a light receiving element 21 7, an optical filter 21 8, an amplifier 
30 219. a first amplification setting unit220for maximizing the amplificationfactorof theamplifier 219. asecond amplification 
setting unit 221 for setting the amprrfication factor to a medium value, a third amplification setting unit 222 for minimizing 
the amplification factor, a signal detector 223, and a clock signal generator 224 for applying a drive clock to the signal 
detector 223. 

The signal detector 223 includes an analog-to-digital (A/D) converter 225 for converting an analog reproduction 
35 signal a into a digital signal, a processor (CPU) 226 for analyzing a bar code signal from a binary signal outputted from 

the A/D converter 225, a memory device 227 comprised of, for example, a program memory and a work memory, and 

an interface (I/O) port 228 for controlling inputs and outputs. 

The 1/0 port 228 outputs a signal necessary to select one of the first to third amprrfication setting units 220. 221 and 

22 based on instructions from the processor 226 which determines a favorable amplification factor in reference to the 
40 Status of the analog reproduction signal a received by the A/D converter 225. The signal detector 223 is operable to 

reproduce the bar code signal from the analog reproduction signal a based on a program stored in the memory device 

227 and then output the bar code through the I/O port 228. 

The optical reading apparatus 229 of the above described structure is, as shown in Fig. 59, disposed so as to 

confront the path 230 of movement of the carrier 21 1 . On one side of the path 230 of travel of the carrier 221 opposite 
45 to the side where the light emitting element 21 6 and the light receiving element 21 7 both mounted on the optical reading 

apparatus 229 are disposed, a reflector 231 is disposed so as to reflect the infrared rays of light from the light emitting 

element 21 6 back towards the light receiving element 21 7 across the path 230 of travel of the carrier. In this arrangement, 

the light receiving element 21 7 is adjusted to generate an output signal of a saturation level so long as the entire quantity 

of the infrared rays of light are reflected thereto by the reflector 231 . 
50 The sequence of reading the fluorescent mark performed by this optical reading apparatus will now be described 

with reference to Figs. 60 to 62. 

Assuming that the apparatus is electrically powered, the first amplification setting unit 220 is selected according to 

instructions issued from the processor 226 at step 240 to determine the initial amplification factor of the amplifier 219. 

At step 241 . a wait is made until the carrier 21 1 is moved past the reading station. 
55 Although during this wait the infrared rays of light is projected from the light emitting element 216. and so long as 

no carrier 21 1 is present at the reading station between botch of the light emitting and receiving elements 216 and 217 

and the reflector 231, the infrared rays of tight projected by the light emitting element 216 are reflected by the reflector 

231 so as to be incident upon the light receiving element 217 and. therefore, as shown by an area A in Fig. 61(a), the 

analog reproduction signal a attains the saturation level Vref. 
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However, as the carrier 2 1 1 moves past the reading station between both of the light emitting and receiving elements 
216 and 21 7 and the reflector 231 . the infrared rays of light from the light emitting element 216 first impinge upon a non- 
mark area of the carrier 21 1 where no fluorescent mark 210 is printed and are then reflected thereby towards the light 
receiving element 21 7. In general, since the reflectance of the carrier 21 1 is lower than that of the reflector 231 , the level 

5 of the analog reproduction signal a decreases as shown. by an area B in Fig. 61(a). 

At this time, the processor 226 determines at step 242 the level of frie analog reproduction signal a. In the event 
that it is determined that the level of the analog reproduction signal a resulting from irradiation of the non-mark area of 
the carrier 21 1 is higher than a gain determination level at which the gain is changed (corresponding to carrier areas 
(a) and (b) shown in Fig. 61(a)), the second amplification setting unit 221 is selected according to instructions given by 

10 the processor 226 with the amplification factor of the annplifier 219 consequently lowered to an intermediate value at 
step 243. Thus, the level of the analog reproduction signal a attributable to the carrier areas (a) and (b) is lowered down 
to a value lower than the determining level Vth as shown by the broken line in Fig. 61 (a). 

In the event that the level of the analog reproduction signal a attributable to the non-mark area of the carrier is 
determined lower than the determining level Vth (corresponding to the carrier areas (c) and (d) shown in Fig, 61) at step 

15 242, and after the amplification factor of the amplifier 21 9 at step 243 has been lowered, the program flow goes to step 
244 at which a wait is made until the fluorescent mark 210 would be brought to the reading station. When while the 
infrared rays of light are continuously projected from the light emitting element towards the reading station the fluorescent 
mark 21 0 carried by the carrier 21 1 arrives at the reading station, the fluorescent substances contained in the fluorescent 
mark 210 is excited to emit a fluorescent light and, therefore, the level of the analog reproduction signal a increases. 

20 At this time, the processor 226 executes step 245 to determine the level of the analog reproduction signal a. In the 

event that the peak value of the analog reproduction signal a attributable to the bar code area of the fluorescent mark 
210 is determined higher than the gain determination level Vth (corresponding to the carrier areas (a) and (b) as shown 
in Fig. 61(b)), the third amplification setting unit 222 is selected according to instructions from the processor 226. Accord- 
ingly, the peak value of the analog reproduction signal a attributable to the carrier areas (a) and (b) is lowered to a value 

25 lower than the gain determination level Vth as shown by the broken line in Fig. 61 (b). 

In the event that the peak value of the analog reproduction signal a attributable to the bar code area is determined 
lower tiian the gain determination level Vth at step 245 (corresponding to the carrier areas (c) and (d) shown in Rg. 
61(a)). and after the amplification factor of the amplifier 219 has been lowered at step 246. the program flow goes to 
step 247 at which the fluorescent mark 210 is digitized to the last code bar thereof. 

30 Rg. 62 illustrates the waveform of an output from the light receiving element 217, that of the analog reproduction 
signal outputted from the amplifier 219 and that of the binary signal outputted from the signal detector 223. Fig. 62(a) 
is a diagram showing the waveform of the output from the light receiving element 217, Fig. 62(c) is a diagram showing 
the waveform of the binary signal outputted from the signal detector 223, and Rg. 62(b) is a diagram showing the wave- 
form of the analog reproduction signal outputted from the amplifier 21 9 when the first amplification setting unit 220 has 

35 been selected. Fig. 62(b') is a diagram showing the waveform of the analog reproduction signal outputted from the 
amplifier 219 when the second amplification setting unit 221 has been selected, and Fig. 62(b") is a diagram showing 
the waveform of the analog reproduction signal from tiie amplifier 219 when the third amplification setting unit 222 has 
been selected. 

As can be seen from Figs. 62(a) to 62(b "). if the amplification factor of the amplifier 21 9 is suitably changed depending 
40 on the level and the amplitude of the analog reproduction signal to tiiereby adjust the level and the amplitude of the 
analog reproduction signal to a predetermined value, the binary signal can be obtained by slicing the analog reproduction 
signal with a slice signal VT of a predetermined particular level. 

Since the optical reading apparatus according to the eighth embodiment is so designed tiiat the amplification factor 
of the amplifier 219 can be changed to one of three factors depending on the level and the amplitude of the analog 
45 reproduction signal a to thereby make the analog reproduction signal a match with the slice signal VT of the predeter- 
mined particular level at all times, there is no possibility that ti^e signal reading from the mark would become inaccurate 
and/or impossible due to the difference in physical property of the carrier 21 1 and, therefore, the apparatus is excellent 
in versatility and reliability. Also, since tiie binary signal can be obtained by slicing the analog reproduction signal a with 
the single slice signal VT, the signal detector 223 can be made simple in structure. 
so Although in this embodiment the amplification factor of the amplifier 219 has been described as changed to one of 

the three factors depending on the level and amplitude of the analog reproduction signal a, the reflected light component 
from the can-ier 2 11 and the fluorescent light component from the mark 210, it may be made to be changed to one of 
two or four or more factors. In addition, if an electronic potentiometer is employed for the amplification factor setting unit, 
a continuous change of the amplification factor of the amplifier 219 will be accomplished. 

55 

Optical Reading Apparatus: Embodiment 9 

In tine eightii embodiment described above, the reflector 231 has been disposed in face-to-face relation with both 
of the light emitting element 216 and tiie light receiving element 217. However, as shown in Fig. 63. in place of the use 
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Of the reflector 231 . a light absorbent element 249 capable of absorbing the rays of light projected from the light emitting 
element 21 6 may be employed and disposed at the position confronting both of the light emitting and receiving elements 
216 and 217 across the path 230 of travel of the carrier 21 1 . 

In the embodiment shown in Fig. 63, during a wait being made until the carrier 21 1 is moved past the reading station, 
the infrared rays of light projected from the light emitting element 21 6 are absorbed by the light absorbent element 249 
with no light substantially impinging upon the light receiving element 217 and. therefore, as shown by an area A in Fig. 
64(a), the analog reproduction signal a is substantially at a ground level AGND. 

However, when the carrier 221 is brought to the reading station between the light emitting element 216 and the light 
absorbent element 249. a portion of the infrared rays of light from the light emitting element 216 is reflected by the carrier 
21 1 so as to impinge upon the light receiving element 217 and. therefore, the analog reproduction signal a increases 
as shown by an area B in Fig. 64(a)- When the mark 210 is subsequently brought in register with the reading station 
and is consequently irradiated by the infrared rays of light, the fluorescent light emitted fromthe fluorescent substance 
forming the mark 21 0 is received by the light receiving element 217 as well and. therefore, the analog reproduction signal 
a further increases as shown by an area C in Fig. 64(a). Accordingly, by determining if the level of the analog reproduction 
signal in the area B has exceeded the gain determination level Vth for the selection of the amplification factor and by 
lowering the amplification factor of the amplifier 21 9 in the event that it has exceeded such gain determination level Vth. 
the signal reproduction can be accomplished in a manner similar to that according to the previously discussed eighth 
embodiment. 

20 Optical Reading Apparatus: Embodiment 10 

The details of the amplifier and the signal detector used in the tenth preferred embodiment of the optical reading 
apparatus are shown in Fig. 65. As shown therein, the optical reading apparatus comprises a first differential amplifier 
251 including a first operational amplifier 25 and first to third resistors R1 . R2 and R3; a second differential amplifier 253 
including a second operational amplifier 252 and fourth to sixth resistors R4. R5 and R6; a first comparator 254 connected 
with the first operational amplifier 251 ; a first variable resistor VR1 for setting a slice level for the first comparator 254; 
a second comparator 255 connected with the second operational amplifier 253; a second variable resistor VR2 for setting 
a slice level for the second comparator 255; a one-shot multivibrator 256 adapted to be triggered by an output signal f 
from the first comparator 254 to generate a pulse of a predetermined pulse width each time it is triggered; an inverter 
257 for inverting an output signal from the one-shot multivibrator 256; an AND gate 258 for providing a logical product 
of respective output signals g and h from the second comparator 255 and the inverter 257; and an OR gate for providing 
a logical sum of respective output signals i and f from the AND gate 258 and the first comparator 254. 

According to the tenth embodiment, the amplification factor of the first differential amplifier 251 and that of the second 
differential amplifier 253 are adjusted to be low and high, respectively, and the slice level of the first comparator 254 is 
equalized to that of the second comparator 255. The pulse width of the pulse outputted from the one-shot multivibrator 
256 is adjusted to a value equal to the length of time required for the irradiating light to scan the narrowest stripe between 
the neighboring code bars forming the fluorescent mark (bar code). 

The operation of the optical reading apparatus will now be described. 

Fig. 66 illustrates the waveform of a first analog reproduction signal a1 outputted from the first differential amplifier 

40 251 . Reference character A in Fig. 66 represents the signal obtained when the level of the light reflected from a surface 
of the carrier is low and the level of the fluorescent light from the mark is high; reference character B represents the 
signal obtained when the level of both of the light reflected from the carrier and the fluorescent light from the mark is 
low; and reference character C represents the signal obtained when the level of the reflected light from the carrier and 
that of the fluorescent light from the mark are high and low, respectively. When this first analog reproduction signal a1 

45 is digitized by the first comparator 254, such a binary signal f as shown in Fig. 68(a) can be obtained. 

Fig. 67 illustrates the waveform of a second analog reproduction signal a2 outputted from the second differential 
amplifier 253. Reference characters A'. B' and C used in Fig. 67 corresponds respectively to A. B and C shown in Fig. 
66. Thus, when the second analog reproduction signal a2 is similarly digitized by the second comparator 255, such a 
binary signal g as shown in Fig. 68(b) can be obtained. 

50 The output signal h from the inverter 257 is such as shown in Fig. 68(c) since the pulse width of the pulse outputted 

from the one-shot multivibrator 256 is chosen to be equal to the length of time required for the exciting light to scan the 
narrowest stripe between the neighboring code bars forming the fluorescent mark (bar code). Accordingly, the logical 
product of the output signals g and h respectively from the second comparator 255 and the inverter 257 which is obtained 
from the AND gate 258 is represented by an output signal i from the AND gate 258. the waveform of which is shown in 

55 Fig. 68(d) . Also, the logical sum of the output signals i and f respectively from the AND gate 258 and the first comparator 
254 which is obtained from the OR gate 259 is represented by an output signal j from the OR gate 259. the waveform 
of which is shown in Fig. 68(e). and. accordingly a bar code signal can be detected. 

According to the tenth embodiment, the binary signal corresponding to the whole analog reproduction signals is 
obtained by preparing separately the first binary signal f corresponding to the detected signal of a high level and the 
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second binary signal g conesponding to the detected signal of a low les/el and then providing the logical product and 
sum of those signals. Accordingly, even though the detected signal descriptive of a series of marks formed on the single 
carrier varies partly in level, an accurate information reading is possible- 
While in the emtxxliment described above, the two comparators 254 and 255 have been described as having an 
equal slice level, the slice level of one of the comparators 254 and 255 may differ from that of the other of the comparators 

254 and 255. 

Optical Reading Apparatus: Embodiment 1 1 

An eleventh embodiment differs from the optical reading apparatus of Fig. 65 in that the two differential amplifiers 
251 and 253 have an equal amplification factor and the two comparators 254 and 255 have slice levels different from 
each other. 

As shown in Fig. 69, the analog reproduction signals a outputted respectively from the first and second differential 
amplifiers 251 and 252 are of an equal level arxj are sliced respectively by the first slice signal S1 , set in the first com- 
parator 254, and the second slice signal S2 set in the second comparator 255. 

The first slice signal SI slices high level portions A and C of the analog reproduction signal a to provide a binary 
signal f corresponding to that shown in Fig. 6(a). On the other hand, the second slice signal S2 slices a low level portion 
of the analog reproduction signal a to provide a binary signal g corresponding to that shown in Fig. 68(d). Accordingly, 
when the logical sum of the output signals f and g respectively from the first comparator 254 and the second comparator 

255 is obtained from the OR gate 258, the output signal j shown in Fig. 68(e) can be obtained and, therefore, the mark 
information can be assured read from the detected signal then varying partly in level. 

It is to be noted that although in each of the tenth and eleventh embodiments reference has been made to the use 
of the two differential amplifiers and the two comparators, the number of each of the differential amplifiers and the com- 
parators may further be increased. The greater the number of each of the differential amplifiers and the comparators, 
an accurate information reading is possible from the detected signal or the analog reproduction signal which is more 
complicated. 

INDUSTRIAL APPLICABILITY 

The optical reading system of the present invention is applicable in the following applications and has the following 
features. 

a) Factory Automation: 

During automobile assemblage, car management, that is, classification of cars according to the brard, export 
destination, date of manufacture and/or product lot number, can be accomplished using a fluorescent mark without 
adversely affecting the appearance of each car. 

b) Even if the fluorescent marking is printed on a black-color item such as tires or on a transparent item of glass or 
synthetic resin, which has hitherto been unable to read with the prior art reflective bar code, the mark can be assured 
read out. 

c) Since even if any ornamental design is printed over the fluorescent mark, such fluorescent mark can readily be 
read out, a plurality of pieces of information can be overlapped one above the other and, therefore, a limited space 
such as found in a price tag or a product tag of the merchandise can be effectively utilized. 

d) By a reason similar to (a) and (b) above, effective utilization is possible to products such as cosmetics and med- 
icines, the design of which is considered of importance, or to boxes or packages which are required for a high quality 
sensation to be appealing. 

e) Even under the environment in which the prior art reflective bar code cannot be used due to the presence of oil 
and dust such as found in a factory or plant, the fluorescent mark can assuredly be read out 

f) By a reason similar to (a) and (b) above, for the convenience on the part of a manufacturer, a concealed code 
may be provided on invoices issued to clients for management purpose. (In general, the invoices are specified by 
clients or of a format in which a client writes down.) 

g) Information may be provided on a card-like item as a concealed code so that the card- like item can be used as 
a game card (bar code game). 

h) By a reason similar to (a) and (c), if used in connection with management of books, literature or drawings, the 
design will not be adversely affected. 

i) Not only can any possit^e forgery of a student's certificate or an ID card be prevented, but also the certificate or 
ID card can be reduced in size or space. 

k) Not only can any possible forgery of a stamp card or a point card be prevented, but also the card can be reduced 
in size or space. 
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I) Any possible forgery can be prevented by introducing the system of the invention in a Pachinko gift-exchange 
system. 



Claims 

5 

1 . A fluorescent substance of a kind capable of emitting, in response to irradiation of exciting light, a fluorescent light 
of a wavelength different from that of the exciting light, characterized in that the average particle size of the fluorescent 
substance is smaller than the wavelength of the fluorescent light at the maximum intensity of such fluorescent light 
emitted by such fluorescent substance. 

10 

2. A fluorescent substance of a kind capable of emitting, in response to irradiation of exciting light, a fluorescent light 
of a wavelength different from that of the exciting light, characterized in that the average particle size of the fluorescent 
substance is smaller than the wavelength of the fluorescent light at the maximum intensity of the exciting light. 

75 3. The fluorescent substance as defined in Claim 1 or 2, characterized In that the average particle size of the fluorescent 
substance is not greater than 0.8 ^m. 

4. The fluorescent substance as defined in any one of Claims 1 to 3, characterized in that the fluorescent substance 
is an organic metallic compound containing at least Nd as an optical active element. 

20 

5. The fluorescent substance as defined Jn Claim 4, characterized in that the organic metallic compound contains at 
least one organic material selected from the group consisting of carix>xylic acid, ketone, ether and amine. 



6. The fluorescent substance as defined in Claim 4. characterized in that the organic metallic compound is at least 
25 one organic material selected from the group consisting of neodymium cinnamate, complex salt of dnnamic acid 

with neodymium and ytterbium, complex salt of benzoic acid with neodymium and ytterbium, neodymium naph- 
thoate, and complex salt of naphthoeic add with neodymium and ytterbium. 

7. The fluorescent substance as defined in Claim 4, characterized in that the fluorescent substance contains Nd and 
30 Yb, the molar ratio of Nd relative to Yb (Nd:Yb) being within the range of 9:1 to 5:5. 

8. A fluorescent substance characterized in that it comprises a salt of oxyacid containing at least one optical active 
element selected from the group consisting of Nd, Yb and Er. 

35 9. The fluorescent substance as defined in Claim 8. characterized in that the salt of oxyacid is a phosphate compound. 

10. The fluorescent substance as defined in Claim 9, characterized in that the phosphate compound is a compound 
having the following general formula: 



40 LnxAi.xP04 

wherein In represents at least one element selected from the group consisting of Nd, Yb and Er; A represents at 
least one element selected from the group consisting of Y, La, Gd, Bi, Ce, Lu, In and Tb; and X represents a value 
within the range of 0.01 to 0.99. 

45 

1 1 . The fluorescent substance as defined in Claim 9. characterized in that the phosphate compound is a compound 
having the following general formula: 

DEi.xLnxPyOe 

50 

wherein D represents at least one element selected from the group consisting of Li, Na. K. Rb and Cs; E represents 
at least one element selected from the group consisting of Y, La, Gd, Bi, Ce, Lu, In and Tb; Ln represents at least 
one element selected from the group consisting of Nd, Yb and Er; X represents a value within the range of 0.01 to 
0.99; Y represents a value within the range of 1 to 5; and Z represents a value within the range of 4 to 14. 

55 

12. A fluorescent substance characterized in that it comprises Fe and Er, both as an optical active element, and, other 
than these optical active elements, at least one element selected from the group consisting of Sc, Ga, Al, in, Y. Bi, 
Ce, Gd, Lu and La. 
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13. The fluorescent substance as defined in Claim 12, characterized in that the fluorescent substance has the following 
general formula: 

G3J5O12 

5 

wherein G represents at least one element selected from the group consisting of X Bi. Ce, Gd, Lu and La, arid Er; 
and J represents aX least one element selected from the group consisting of Sc, Ga, Al and In, and Fe. 

1 4. The fluorescent substance as defined in Claim 12, characterized in that the fluorescent substance has the following 
10 general formula: 

GJO3 

wherein G represents at least one element selected from the group consisting of Y, Bi, Ce, Gd, Lu and La, and Er; 
15 and J represents at least one element selected from the group consisting of Sc, Ga, Al and In, and Fe. 

1 5. The fluorescent substance as defined in Claim 12, characterized in that the fluorescent substance has the following 
general formula: 

30 G2J4O12 

wherein G represents at least one element selected from the group consisting of Y, Bi, Ce, Gd, Lu and La, and Er; 
and J represents at least one element selected from the group consisting of Sc, Ga, Al and in, and Fe. 

25 16. A fluorescent substance characterized in that it comprises Yb as an optical active element and. other than that 
optical active element, at least one element selected from the group consisting of Sc, Ga, Al, In. Y, Bi. Ce. Gd. Lu 
and La. 

1 7. The fluorescent substance as defined in Claim 1 6. characterized in that the fluorescent substance has the following 
30 general formula: 

I^M50i2 

wherein L represents at least one element selected from the group consisting of Y, Bi, Ce, Gd, Lu and La. and Yb; 
35 and \\A represents at least one element selected from the group consisting of Sc, Ga. Al and In. 

18. The fluorescent substance as defined in Claim 16, characterized in that the fluorescent substance has the following 
general formula: 

40 LMO3 

wherein L represents at least one elemerrt selected from the group consisting of Y, Bi, Ce, Gd, Lu and La, and Yb; 
and M represerrts at least one element selected from the group consisting of Sc, Ga, Al and In. 

45 1 9. The fluorescent substance as defined in Claim 16, characterized in that the fluorescent substance has the following 
general formula: 

L2M4O12 

50 wherein L represents at least one element selected from the group consisting of Y, Bi, Ce, Gd, Lu and La, and Yb; 

and M represents at least one element selected from the group consisting of Sc. Ga, Al and In. 

20. The fluorescent substance as defined in Claim 1 6, characterized in that the fluorescent substance is YbxYi.xAl50i2. 
wherein X has a value within the range of 0.05 to 0.7. 

55 

21. The fluorescent substance as defined in any one of Claims 1 to 20. characterized in that the rise time required for 
the intensity of the fluorescent substance to reach 90% of the maximum intensity thereof subsequent to irradiation 
of the exciting light is within 200 fisec. 
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22. The fluorescent substance as claimed in any one of Claims 1 to 21, characterized in that the fall time required for 
the intensity of the fluorescent light to attenuate 80% of the maximum intensity thereof subsequent to interruption 
of the irradiation is within 200 fisec. 

5 23. A fluorescent substance characterized in that it comprises at least one organic substance containing rare earth 
element, said organic substance being selected from the group consisting of Nb, Yb and Er and carried with an 
organic substance having an absorption band within the infrared region of light. 

24. The fluorescent substance as defined in Claim 23, characterized in that it comprises an aromatic carboxylic acid 
10 salt containing at least one rare earth element selected from the group consisting of Nd, Yb and Er and carrying an 

organic material capable of absorbing light of a wavelength within the range of 700 to 1 ,000 nm. 

25. The fluorescent substance as defined in Claim 23. characterized in that the organic material carried is selected from 
the group consisting of polymethine, anthraquinone, dithiol metal, phthalocyanine, indophenol and azo dyestuff. 

75 

26. A fluorescent substance characterized In that It contains at least one of Nb and Yb as an optical active element and. 
other than this optical active element, at least one oxide of Mo or W and an alkaline earth metal. 

27. The fluorescent substance as defined in Claim 26, characterized in that the fluorescent substance has an average 
20 particle size not greater than 1 ^m. 

28. The fluorescent substance as defined in Claim 26, characterized in that the length of time required for the intensity 
of an afterglow, emitted by the fluorescent substance, to attain 10% of the maximum intensity of a fluorescent light 
subsequent to interruption of irradiation of an exciting light is within 500 jisec and in that the fluorescent sut>stance 

25 is used in a system for discriminating emission by means of pulsating rays of exciting light of a cycle not higher than 

1 msec. 

29. The fluorescent substance as defined in Claim 26. characterized in that the length of time required for the intensity 
of an afterglow, emitted by the fluorescent substance, to attain 10% of the maximum intensity of a fluorescent light 
subsequent to interruption of irradiation of an exciting light Is within 500 iisec and In that the fluorescent substance 
is used in a system for discriminating emission during a travel at a speed not lower than 0.5 m/sec. 

The fluorescent substance as defined in Claim 26. characterized In that the yield of the fluorescent substance when 
the fluorescent substance is immersed in water for 500 hours and is subsequently dried after removal from the water 
is not smaller than 95 wt%. 

The fluorescent substance as defined in Claim 26, characterized in that the atomic ratio of the optical active element 
relative to at least one oxide of Mo or W is higher than zero, but equal to or lower than 2. 

The fluorescent substance as defined in Claim 26, characterized in that the atomic ratio of the alkaline earth metal 
relative to at least one oxide of Mo or W is higher than zero, but equal to or lower than 3. 

The fluorescent substance as defined in Claim 26, characterized in that the fluorescent substance has the following 
general formula: 

{Ndi.xYbx)YQz(R04) 

wherein Q represents at least one element selected from the group consisting of Ca, Mg, Sr and Ba; R represents 
at least one element selected from the group Mo ard W; X represents a value within the range of 0 to 1 ; Y represents 
a value greater than 0, but smaller than 1 ; and 2 represents a value greater than 0, but smaller than 1 . 

The fluorescent substance as defined in Claim 26. characterized in that the fluorescent substance has the following 
general formula: 

(Ndi.xYbx)2YQ8.3Y(R04)8 

wherein Q represents at least one element selected from the group consisting of Ca. Mg. Sr and Ba; R represents 
at least one element selected from the group Mo and W; X represents a value within the range of 0 to 1; and Y 
represents a value greater than 0, but equal to or smaller than 8/3. 
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35. The fluorescent substance as defined in Claim 26. characterized in that X and Y in the general formula are within 
the range of 0.02 to 0.6 and within the range of 1/3 to 5/3. respectively. 

36. The fluorescent substance as defined in Claim 26. characterized in that the alkaline earth metal is Ca. 

37. A method of preparing a fluorescent substance characterized in that at least one optical active element selected 
from the group consisting of Nd and Yb. at least one oxide of one of Mo and W and an alkaline earth metal are 
added to a flux material containing a salt expressed by T2R04-nH20 (wherein T is at least one element selected 
from the group consisting of U. Na and K. R is at least one element selected from the group consisting of Mo and 
W, and n is a value greater than 0) which is subsequently calcinated, followed by dissolution of the incinerated 
product with the use of a solvent to remove the flux material. 

38. The method of preparing the fluorescent substance as defined in Claim 37. characterized in that T of the flux material 
is Na. 



39. The method of preparing the fluorescent substance as defined in Claim 37, characterized in that R of the flux material 
is Mo. 

40. The method of preparing the fluorescent substance as defined in Claim 37. characterized in that the mixing mole 
ratio of the fluorescent substance relative to the flux material is within the range of 1 to 1 0. 

41. A fluorescent composition characterized in that it comprises a fluorescent substance in the fonn of ultra- micropar- 
tides capable of emitting a fluorescent light of a wavelength different from that of an exdting light and having an 
average particle size smaller than the wavelength of the maximum intensity of the fluorescent light, a binder trans- 
parent to both of the exciting light and the fluorescent light, and a solvent. 

42. A fluorescent composition characterized in that it comprises a fluorescent substance in the form of ultra-micropar- 
tides capable of emitting a fluorescent light of a wavelength different from that of an exdting light and having an 
average particle size smaller than the wavelength of the maximum intensity of the exciting light, a binder transparent 
to both of the exciting light and the fluorescent light, and a solvent. 

43. The fluorescent composition as defined in Claim 41 or 42. characterized in that the fluorescent composition is used 
as an inking medium for an ink jet printer. 

44. The fluorescent composition as defined in any one of Claims 41 to 43, characterized in that the fluorescent substance 
is comprised of an organic metallic compound. 

45. The fluorescent composition as defined in Claim 44, characterized in that an organic material contained in the 
organic metallic compound is at least one element selected from the group consisting of carboxylic add, ketone, 
ether and amine. 

46. The fluorescent composition as defined in Claim 44, characterized in that the organic metallic compound is at least 
one organic material selected from the group consisting of neodymium cinnamate, complex salt of cinnamic acid 
with neodymium and ytterbium, complex salt of benzoic acid with neodymium and ytterbium, neodymium naph- 
thoate. and complex salt of naphthoeic acid with neodymium and ytterbium. 

47. The fluorescent composition as defined in Claim 44. characterized in that the fluorescent substance contains Nd 
and Yb, the molar ratio of Nd relative to Yb (Nd:Yb) being within the range of 9:1 to 5:5. 

48. The fluorescent composition as defined in any one of Claims 41 to 47, characterized in that the density p1 of the 
fluorescent substance and the density p2 of the binder have a relationship of p 1/p2 s 1 .8 . 

49. The fluorescent composition as defined in any one of Claims 41 to 47. characterized in that the fluorescent compo- 
sition has a viscosity within the range of 2 to 25 cps. 

50. The fluorescent composition as defined in any one of Claims 41 to 47, characterized in that the fluorescent compo- 
sition has a surface tension within tiie range of 23 to 40 dyne/cm. 
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51 . The fluorescent composition as detined in any one of Claims 41 to 47, characterized in that the fluorescent compo- 
sition has a specific resistance not higher than 2,000 Clem. 

52. The fluorescent composition as defined in any one of Claims 41 to 47, characterized in that the fluorescent compo- 
5 sition has a pH value within the range of 4.5 to 1 0. 

53. The fluorescent composition as defined in any one of Claims 40 to 47, characterized in that the binder is a water- 
soluble resin. 

10 54. The fluorescent composition as defined in Claim 53, characterized in that the solvent is water and an easily volatil- 
izeable liquid compatible with water. 

55. The fluorescent composition as defined in any one of Claims 41 to 47, characterized in that the binder has a light 
transmittance of not lower than 80% relative to both of the exciting light and the fluorescent light. 

15 

56. The fluorescent composition as defined in any one of Claims 41 to 47, characterized in that the binder is a non- 
water-soluble resin. 

57. Thef luorescerrt composition as defined in any one of Claims 41 to 47, characterized in that the fluorescent substance 
20 is of a kind having a rise time, required for the intensity of the fluorescent light to attain 90% of the maximum intensity 

thereof subsequent to start of irradiation of the exciting light, which is within 200 ^sec. 

58. The fluorescent composition as defined in any one of Claims 41 to 47 and 57, characterized in that the fluorescent 
substance is of a kind having a fall time required for the intensity of the fluorescent light to attenuate 80% of the 

25 maximum intensity thereof subsequent to interruption of the irradiation, which is within 200 \isec, 

59. The fluorescent composition as claimed in any one of Claims 41 to 47, characterized in that a dyestuff is added. 

60. A fluorescent composition characterized in that it comprises a fluorescent substance containing at least one organic 
30 substance which contains a rare earth element and which is selected from the group consisting of Nb, Yb and Er 

carried with an organic substance having an absorption band within the infrared region of light, and an organic binder. 

61 . A fluorescent composition characterized in that it comprises a fluorescent substance containing at least one of Nb 
and Yb as an optical active element and, other than this optical active element, at least one oxide of one of Mo and 

35 W and an alkaline earth metal, and an organic binder. 

62. An inked ribbon characterized in that it comprises a tape-like carrier deposited with a fluorescent composition com- 
prising a fluorescent substance containing at least one of Nb and Yb as an optical active element and, other than 
this optical active element, at least one oxide of one of Mo and W and an alkaline earth metal, which fluorescent 

40 substance is dispersed and retained in an organic binder. 

63. A fluorescent mark carrier characterized in that it has a fluorescent ink deposit formed thereon, said fluorescent ink 
deposit containing a fluorescent substance capable of emitting a fluorescent light of a wavelength different from that 
of the exciting light and having an average particle size smaller than the wavelength of the maximum intensity of 

45 the fluorescent light is printed thereon. 

64. A fluorescent mark carrier characterized in that it has a fluorescent ink deposit formed thereon, said fluorescent ink 
deposit containing a fluorescent substance capable of emitting a fluorescent light of a wavelength different from that 
of the exciting light and having an average particle size smaller than the wavelength of the maximum intensity of 

50 the exciting light is printed thereon. 

65. The fluorescent mark carrier as defined in Claim 63 or 64, characterized in that the fluorescent ink deposit is formed 
by an ink jet printer. 

55 66. Thef luorescent mark carrier as defined in any one of Claims 63 to 65. characterized in that the fluorescent substance 
is comprised of an organic metallic compound. 
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67. The fluorescent mark carrier as defined in Claim 66. characterized in that an organic material contained in the 
organic metallic compound is at least one element selected from the group consisting of cartx)xylic add, ketone, 
ether and amine. 



68. The fluorescent mark carrier as defined in Claim 67. characterized in that the organic metallic corrpound is at least 
one organic material selected from the group consisting of neodymium cinnamate, complex salt of dnnamic acid 
with neodymium and ytterbium, complex salt of benzoic add with neodymium and ytterbium, neodymium naph- 
thoate. and complex salt of naphthoeic add with neodymium and ytterbium. 

69. The fluorescent mark carrier as defined in Claim 66. characterized in that the fluorescent substance contains Nd 
and Yb. the molar ratio of Nd relative to Yb (Nd:Yb) being within the range of 9:1 to 5:5. 

The fluorescent mark carrier as defined in Claim 63 or 64, characterized in that the fluorescent substance is a salt 
of oxyacid containing at least one optical active element selected from the group consisting of Nd, Yb and Er. 

The fluorescent mark carrier as defined in Claim 63 or 64. characterized in that the fluorescent substance comprises 
Fe and Er. both as an optical active element, and, other than these optical active elements, at least one element 
selected from the group consisting of Sc. Ga, Al. In, Y. Bi, Ce, Gd, Lu and La. 

72. The fluorescent mark carrier as defined in Claim 63 or 64. characterized in that the fluorescent substance comprises 
Yb as an optical active element, and, otiier than this optical active element, at least one element selected from the 
group consisting of Sc, Ga, Ai, In. Y, Bi, Ce, Gd, Loj and La. 

73. A fluorescent mark can-ier having a fluorescent ink deposit formed thereon, said fluorescent ink deposit containing 
fluorescent partides capable of emitting a fluorescent light of a wavelength different from that of an exdting light, 
characterized in that the content of said fluorescent particles in the fluorescent ink deposit is greater than 1 wt%* 
but smaller than 30 wt%. 



74. The fluorescent mark can-ier as defined in Claim 63 or 64. characterized in that tine fluorescent ink deposit contains 
30 a binder in a quantity not smaller than 5 wt%. 

75. A fluorescent mark can-ier having a fluorescent Ink deposit formed tinereon. said fluorescent ink deposit containing 
fluorescent partides capable of emitting a fluorescent light of a wavelength different from that of an exdting light, 
characterized in that tiie fluorescent ink deposit has a thickness not greater than 35 times the partide size of the 

35 fluorescent particles. 

76. A fluorescent mark carrier having a fluorescent ink deposit formed thereon, said fluorescent ink deposit containing 
fluorescent particles capable of emitting a fluorescent light of a wavelength different from that of an exciting light 
and a binder, characterized in that the binder has a light transmissivity with respect to each of the exciting and 

40 fluorescent light being not lower than 80%. 

77. A fluorescent mark carrier characterized in that fluorescent particles capable of emitting a fluorescent light of a 
wavelength different from that of an exciting light are deposited on an aggregation of fibers. 

45 78. The fluorescent mark carrier as defined in Claim 77, characterized in that tine fluorescent particles have an average 
partide size smaller than the diameter of the fibers. 

79. The fluorescent mark carrier as defined in Claim 77. characterized in that tine aggregation of fiber is paper. 

50 80. A fluorescent mark carrier characterized in that a fluorescent inkdeposit containing a fluorescent substance capable 
of emitting a fluorescent light of a wavelength different from tiiat of an exciting light has a 20% or lower visible ray 
absorption characteristic. 

81 . The fluorescent mark carrier as defined in any one of Claims 73 to 80. characterized in that the fluorescent substance 
55 is in tine form of super microparticles having an average particle size smaller than the wavelengtii of the fluorescent 
light at the maximum intensity of such fluorescent light emitted by such fluorescent substance. 
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82. The fluorescent mark carrier as defined in any one of Claims 73 to 80, characterized in that the fluorescent substance 
is in the form of super microparticles having an average particle size smaller than the wavelength of the fluorescent 
light at the maximum intensity of the exciting light. 

5 83. The fluorescent mark carrier as defined in any one of Claims 63 to 82, characterized in that the fluorescent ink 
deposit is formed on a postal matter 

84. The fluorescent mark carrier as defined in any one of Claims 63 to 82. characterized in that the fluorescent ink 
deposit is provided on a label to be affixed to a postal matter. 

10 

85. The fluorescent mark carrier as defined in any one of Claims 63 to 82, characterized in that the fluorescent ink 
deposit bears information associated with a postal delivery. 

86. The fluorescent mark carrier as defined in any one of Claims 63 to 85, characterized in that the fluorescent substance 
15 is of a kind having a rise time, required for the intensity of the fluorescent light to attain 90% of the maximum intensity 

thereof subsequent to start of irradiation of the exciting light, which is within 200 ^isec. 

87. The fluorescent mark carrier as defined in any one of Claims 63 to 85, characterized in that the fluorescent substance 
is of a kind having a fail time required for the intensity of the fluorescent light to attenuate 80% of the maximum 

20 intensity thereof subsequent to interruption of the irradiation, which is within 200 ^isec. 

88. An optical reading apparatus comprising a light emitting element for emitting an exciting light to irradiate a fluorescent 
mark carrier carrying a fluorescent mark containing the fluorescent substance, a mirror for reflecting light from the 
fluorescent substance, and a light receiving element for receiving the light reflected by the mirror, characterized in 

25 that the mirror has a portion thereof provided with a light transmitting region for allowing a substantially entire quantity 
of the exciting light from the light emitting element to pass therethrough and has a reflectivity of higher than 50%. 

89. The optical reading apparatus as defined in Claim 88. characterized in that the light transmitting region is defined 
at a location substantially centrally of the mirror and that the exciting light from the light emitting element is projected 

30 onto the fluorescent mark carrier so as to impinge upon a surface thereof substantially at right angles thereto. 

90. The optical reading apparatus as defined in Claim 99, characterized in that the light transmitting region is of a size 
greater than a bundle of the exciting light. 

35 91 . The optical reading apparatus as defined in Claim 88 or 89, characterized in that the mirror is in the form of a total 
reflecting mirror. 

92. An optical reading apparatus comprising a light emitting element for emitting an exciting light to irradiate a fluorescent 
mark carrier carrying a bar code containing the fluorescent substance, and a light receiving element for receiving 

40 light from the fluorescent substance, characterized in that the exciting light is projected in an irradiating pattern of 
a generally elliptical shape having its major axis extending in a direction lengthwise of the bar code. 

93. The optical reading apparatus as defined in Claim 92, characterized in that the ratio of the major axis relative to the 
minor axis of the elliptical shape assumed by the exciting light is not greater than 15. 

45 

94. An optical reading apparatus comprising a light emitting element for emitting an exciting light to irradiate a fluorescent 
mark carrier printed with the fluorescent substance, a light receiving element for receiving a fluorescent light from 
the fluorescent mark carrier, a slit member disposed on an optical path between the light emitting element and the 
light receiving element, and a transport means for transporting the fluorescent mark carrier in a predetermined 

50 direction, characterized in that the transport means transports the fluorescent mark carrier at a velocity v which has 
the following relationship: 

d/v s tu 

55 wherein d represents the length of an opening in the slit member as measured in a direction conforming to the 
direction of transport of the fluorescent mark carrier, v represents the velocity of transport of the fluorescent mark 
earner and tu represents the length of time from the timing at which the fluorescent substance receives the exciting 
light to the timing at which the intensity of the light emitted by the fluorescent substance attains 90% of the maximum 
possible intensity thereof. 
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95. An optical reading apparatus comprising a light emitting element for emitting an exciting light to irradiate a fluorescent 
mark carrier printed with the fluorescent substance, a light receiving element for receiving a fluorescent light from 
the fluorescent mark carrier and a transport means for transporting the fluorescent mark carrier in a predetermined 
direction, which apparatus Is characterized in that the transport means transports the fluorescent mark carrier at a 

5 velocity v which has the following relationship; 

Uv ^ td 

wherein L represents the interval between neighboring portions printed with the f luorescerrt substance with respect 
10 to the direction of transport, v represents the velocity of transport of the fluorescent mark carrier, and td represents 
the length of time from the timing at which irradiation of the exciting light is interrupted to the timing at which the 
fluorescent afterglow attenuates by a quantity corresponding to 80% of the maximum possible intensity thereof. 

96. An optical reading apparatus characterized in that it comprises a light emitting element for emitting an exciting light 
75 to irradiate a fluorescent mark carrier carrying the fluorescent substance, a light receiving element for receiving a 

fluorescent light from the fluorescent mark carrier, a transport means for transporting the fluorescent mark carrier 
in a predetermined direction, a first convex lens disposed on an optical path from the fluorescent mark carrier to the 
light receiving element and having a fiat surface oriented towards the fluorescent mark carrier, a second convex 
lens disposed on an optical path from the fluorescent mark carrier to the light receiving element and having a flat 
20 surface oriented towards the light receiving element, and a slit member disposed between the second convex lens 
and the light receiving element. 

97. An optical reading apparatus characterized in that it comprises a light emitting element for emitting an exciting light 
to irradiate a fluorescent mark carrier printed with the fluorescent suiDstance, and a light receiving element for receiv- 
es ing a fluorescent light from the fluorescent mark carrier, characterized in that the light emitting element is a semi- 
conductor laser diode, a drive circuit for driving the semiconductor laser diode having an automatic power control 
function, and there is provided a hold circuit for monitoring the exciting light emitted from tiie semiconductor laser 
diode and holding an output condition of the exciting light such that based on a signal from the hold circuit an output 
condition of the exciting light from the semiconductor laser diode is controlled by the drive circuit. 

30 

98. A merchandise sorting apparatus which comprises: 

a light emitting element for emitting an exciting light to irradiate a fluorescent mark carrier printed with the 
fluorescent substance; 

a light emitting element for receiving a fluorescent light from the fluorescent mark carrier; 
35 a slit member disposed on an optical path between the light emitting element and the light receiving element: 

a transport means for transporting the fluorescent mark carrier in a predetermined direction; and 
a sorting means for sorting the fluorescent mark carrier; 

wherein the length d of an opening in the slit member as measured in a direction conforming to the direction 
of transport of the fluorescent mark canrier, the velocity v of transport of the fluorescent mark carrier by the transport 
40 means, and the length of time tu from the timing at which the fluorescent substance receives the exciting light to 
the timing at which the intensity of the light emitted by the fluorescent substance attains 90% of the maximum 
possible intensity thereof have a relationship of (d/v ^ tu ); and 

wherein information represented by a fluorescent ink deposit provided on the fluorescent mark carrier is read 
by the exciting light and the fluorescent light passing through a slit formed in the slit ment^er, said fluorescent mark 
45 carrier being sorted according to such information. 

99. A mercharxlise sorting apparatus which comprises: 

a light emitting element for irradiating with the exciting light a fluorescent mark carrier printed with the fluo- 
rescent substance; 

50 a light emitting element for receiving a fluorescent light from the fluorescent mark carrier; 

a slit member disposed on an optical path between the light emitting element and the light receiving element; 
a transport means for transporting the fluorescent mark carrier in a predetermined direction; and 
a sorting means for sorting the fluorescent mark carrier; 

wherein the interval between neighboring portions printed with the fluorescent substance with respect to the 
55 direction of transport, the velocity v of transport of the fluorescent mark carrier, and the length of time td from the 
timing at which irradiation of the exciting light is interrupted to the timing at which the fluorescent afterglow attenuates 
by a quantity corresponding to 80% of the maximum possible intensity thereof have a relationship of ( Uv g td ); and 

wherein information represented by a fluorescent ink deposit provided on the fluorescent mark carrier being 
transported is optically read and the fluorescent mark carrier is sorted according to such information. 
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1 0O.A merchandise sorting apparatus which comprises: 

an visible image optical reading means tor optically reading destination information described on a surface 
of a merchandise to be sorted: 

a fluorescent substance printing means for printing the destination information on the merchandise with the 
5 use of a fluorescent substance according to the destination information read by the visible image optical reading 

means; . 

a fluorescent mark optical reading means for optically reading information represented by a fluorescent ink 
deposit formed by the fluorescent substance printing means; and 

a sorting means for sorting the merchandise according to the destination information read by the fluorescent 
70 mark optical reading means. 

1 01 .A merchandise sorting method which comprises the steps of: 

cptically reading destination information described on a surface of a merchandise with the use of a visible 
image optica! reading means; 

15 printing destination information on the merchandise with the use of a fluorescent substance according to the 

destination information read by the visible image optical reading means,; 

cptically reading information represented by a fluorescent ink deposit with the use of a fluorescent mark 
optical reading means; and 

sorting the merchandise according to the destination information read by the fluorescent mark optical reading 
20 means. 

102.A mark to be detected containing a fluorescent substance capable of emitting light of a wavelength different from 
that of an exciting light, characterized in that it comprises: 

a data area formed with a pattern corresponding to data to be recorded; and 
25 a iead-in area formed at a site that is scanned prior to irradiation with the exciting light upon the data area, 

said lead-in area continuing a sufficient length greater than the longest continuous portion of the pattern formed at 
the data area. 

105. The mark to be detected as defined in Claim 102, characterized in that the pattern formed on the data area is a 
30 pattern of bar codes; 

in that the data area formed by a plurality of bars and a backgrourxi of the data area where the bars are 
arranged are formed on a medium as inverted by the fluorescent substance such that the lead-in area is formed so 
as to encircle a predetermined width around the data,area. 

35 104.A method for detecting a mark of a kind defined in Claim 102 or 103, which comprises: 
a light Irradiating step of projecting light of a substantially constant intensity; 

an photoelectricaliy converting step of receiving the light emitted from a light emitting position and converting 
it into an electric signal; 

a comparison value setting step of automatically setting a comparison value from an electric signal corre- 
40 spending to the lead-in area of the mark; and 

a mark determining step of comparing a detected value corresponding to the data area in the mark with the 
comparison value and determining, in the event that the detected value exceeds the comparison value, the position 
at which the mark is formed. 

45 105.A method of detecting a mark by irradiating the mark, containing the fluorescent substance, with an exciting light 
and receiving a fluorescent light emitted from the mark, which method comprises the steps of: 

a step of inter miUently projecting the exciting light of a substantially constant intensity; 

a step of receiving light, emitted from an irradiating position of the exciting light and converting it into an 
electric signal: 

so an incident light intensity detecting step of outputting as a comparison value an electric signal corresponding 

to the intensity of incident light during an irradiating period; 

a fluorescent intensity detecting step of outputting, as a detected value, an electric signal indicative of the 
magnitude of a fluorescent component of the incident light; and 

a determining step of comparing the detected value with a comparison value and determining, in the event 
55 that the detected value exceeds the comparison value, the position at which the mark is formed. 

106. The mark detecting method as defined in Claim 105, wherein the incident light intensity detecting step includes a 
step of detecting tiie intensity of the incident light immediately after start of the irradiation and a step of detecting 
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the intensity of the incident light shortly before interruption of the irradiation, said comparison value being obtained 
by dividing the difference between those intensities. 

107.The mark detecting method as defined in Claim 105, wherein during the fluorescent intensity detecting step, the 
5 intensity of the incident light immediately after interruption of the irradiation is detected to provide the detected value. 

K^.The mark detecting method as defined in Qaim 105. wherein the fluorescent intensity detecting step includes a 
step of detecting the intensity of the incident light immediately after start of the irradiation and a step of detecting 
the intensity of the incident light shortly before interruption of the irradiation, the detected value being formed by 
10 obtaining the difference between those intensities. 

109. An optical reading apparatus for detecting a mark by irradiating the mark to be detected, containing a fluorescent 
substance capable of emitting light of a wavelength different from that of an exciting light, with the exciting light and 
receiving a fluorescent light emitted from the mark, which apparatus comprises: 

15 a light irradiating means for projecting the exciting light of a substantially constant intensity intermittently at 

a predetermined cycle; 

a photoelectric converting means for receiving the light emitted from a light emitting position and converting 
it into an electric signal; 

a waveform detecting means synchronized with an irradiating timing of the light irradiating means for making 
20 it possible to individually detect a minimum value shortly before start of the irradiation; 

a maximum value shortly before irjterruption of the irradiation and a detected value immediately after inter- 
ruption of the irradiation; and 

a mark determining means for comparing the detected value with a comparison value obtained by dividing 
the difference between the maximum value and the minimum value and for determining, in the event that the detected 
25 value exceeds the comparison value, the position at which the mark is formed. 

110. The optical reading apparatus as defined in Claim 109. further comprising a filtering means disposed on an input 
side of the photoelectric converting means for selectively extracting from the incident light a light component of a 
wavelength equal to that of the fluorescent light, and a signal input determining means; 

30 wherein the waveform detecting means is operable to sample the magnitude of an input waveform at a pre- 

determined timing and to maintain the magnitude thereof until the next succeeding sampling timing; and 

wherein the mark determining means is enabled to perform a mark determining operation only during a period 
in which the signal input determining means determines that the maximum value is a significant value. 

35 111 .An optical reading apparatus for detecting a mark by irradiating the mark to be detected, containing the fluorescent 
substance capable of emitting light of a wavelength different from that of an exciting light, with the exciting light and 
receiving a fluorescent light emitted from the mark, which apparatus comprises: 

a light irradiating means for projecting the exciting light of a substantially constant intensity intermittently at 
a predetermined cycle; 

40 a photoelectric converting means for receiving the light emitted from a light emitting position and converting 

it into an electric signal; 

a waveform shaping means for inverting and amplifying half of an output signal from the photoelectric con- 
verting means in synchronism with a timing displaced relative to a period of irradiation by the light irradiating 
means; and 

45 a low -pass filtering means for selectively outputting a direct current component from the output signal of tine 

waveform shaping means. 

112,An optical reading apparatus for detecting a mark by irradiating the mark to be detected, containing the fluorescent 
substance capable of emitting light of a wavelength different from that of an exciting light, with the exciting light and 
50 recaving a fluorescent light emitted from the mark, which apparatus comprises: 

a light irradiating means for projecting the exciting light of a substantially constant intensity intermittently at 
a predetermined cycle; 

a filtering means for selectively receiving a component of light emitted from a light emitting position, which 
component has a wavelength corresponding to a fluorescent light; 
55 a photoelectric converting means for converting the light, received through the filtering means, into an electric 

signal; 

a waveform shaping means for inverting and anriplifying half of an output signal from the photoelectric con- 
verting means in synchronism with a timing displaced 90'' from an irradiating period of the light irradiating means; 
a low-pass filtering means for selectively extracting a direct current component from an output from the wave- 
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form shaping means; and 

a comparing means for comparing a detected voltage outputted from the low-pass filtering means with a 
predetermined voltage and for outputting a detection signal in the event that the detected voltage exceeds the pre- 
determined voltage. 

113. The optical reading apparatus as defined in Claim 1 12, wherein the waveform shaping means is connected with 
two input terminals of a differential amplrfier through respective analog switches, one of the analog switches being 
turned on during a period retarded 90" in phase from a period in which the exciting light is irradiated while the other 
of the analog switches is turned on during a period advanced 90° in phase from the period in which the exciting light 

10 is irradiated. 

114. An optical reading apparatus which comprises: 

a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 

formed with a fluorescent mark containing the fluorescent substance; 
15 a tight receiving unit for receiving a fluorescent light emitted from the fluorescent substance and light reflected 

from the carrier and converting them into an electric signal; 

an amplifying unit for amplifying the electric signal outputted from the light receiving unit; and 

a signal detecting unit for detecting information recorded by the fluorescent mark from an output signal from 

the amplifying unit, 

20 characterized in that the amplifying unit has an amplification factor which is variable according to the intensity 

of the reflected light incident on the light receiving unit and in that the output signal from the amplifying unit which 
has a peak value lower than a predetermined value is supplied to the signal detecting unit for analog-to-digitai 
conversion thereof to provide a digital signal corresponding to a pattern in which the fluorescent mark is formed. 

25 115.An optical reading apparatus which comprises: 

a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 
formed with a fluorescent mark containing the fluorescent substance: 

a light receiving unit for receiving a fluorescent light emitted from the fluorescent substance and light reflected 
from the carrier and converting them into an electric signal; 
30 an amplifying unit for amplifying the electric signal outputted from the light receiving unit; and 

a signal detecting unit for detecting information recorded by the fluorescent mark from an output signal from 
the amplifying unit; 

characterized in that the amplifying unit has an amplification factor which is variable according to the intensity 
of the reflected light incident on the light receiving unit and the intensity of the fluorescent light and in that the output 
35 signal from the amplifying unit which has a peak value lower than a predetermined value is supplied to the signal 
detecting unit for analog-to-digital conversion thereof to provide a digital signal corresponding to a pattern in which 
the fluorescent mark is formed. 

11 e.The optical reading apparatus as defined in Claim 1 14 or 1 15, wherein the projecting unit and the light receiving 
40 unit are disposed on one of opposite sides of a path of travel of the carrier, and further comprising a light absorbing 
element disposed on the other of the opposite sides of the path of travel of the carrier so as to confront both of the 
projecting unit and the light receiving unit, said light absorbing element being operable to absorb the exciting light; 

said light receiving unit providing an output signal of a level substantially equal to a ground level during an 
operation of the projecting means and in the absence of the earner between both of the projecting unit and the light 
45 receiving unit and the light absorbing element. 

117.The optica! reading apparatus as defined in Claim 114 or 115, wherein the projecting unit and the light receiving 
unit are disposed on one of opposite sides of a path of travel of the carrier, and further comprising a reflector disposed 
on the dther of the opposite sides of the path of travel of the carrier so as to confront both of the projecting unit and 
so the light receiving unit, said reflector being operable to reflect the exciting light; 

said light receiving unit providing an output signal of a saturation level during an operation of the projecting 
means and in the absence of the carrier between both of the projecting unit and the light receiving unit and the light 
. absorbing element. 

55 11 8. An optical reading apparatus which comprises: 

a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 
formed with a fluorescent mark containing the fluorescent substance; 

a light receiving unit for receiving a fluorescent light emitted from the fluorescent substance and light reflected 
from the carrier and converting them into an electric signal; 
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an amplifying unit for amplifying the electric signal ou^utted from the light receiving unit; and 
a signal detecting unit for detecting information recorded by the fluorescent mark from an output signal from 
the amplifying unit; 

characterized in that the output signal from the amplifying unit is supplied to the signal detecting unit so that 
5 the output signal from the amplifying means can be- sliced in the signal detecting unit by two or more slice signals 

having two or more slice levels to provide two or more digital signals whereby a digital signal conresponding to the 
fluorescent mark can be obtained by logically summing the two or more digital signals together. 

11 9. An optical reading apparatus which comprises; 
10 a projecting unit for projecting an exciting light necessary to excite a fluorescent substance onto a carrier 

formed with a fluorescent mark containing the fluorescent substance; 

a light receiving unit for receiving a fluorescent light emitted from the fluorescent substance and light reflected 
from the carrier and converting them into an electric signal; 

an amplifying unit for amplifying the electric signal outputted from the light receiving unit; and 
15 a signal detecting unit for detecting information recorded by the fluorescent mark from an output signal from 

the amplifying unit; 

characterized in that an output signal outputted from the amplifying unit when an amplification factor thereof 
is set to a low value and an output signal outputted from the amplifying unit when the amplification factor thereof is 
set to a high value are supplied to the signal detecting unit so that the output signals from the amplifying means can 
20 be sliced in the signal detecting unit by a slice signal having a particular slice level to provide two or more digital 

signals whereby a digital signal corresponding to the fluorescent mark can be obtained by logically summing the 
two or more digital signals together 
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